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1
PROCESSES FOR PREPARING
ISOINDOLINE-1,3-DIONE COMPOUNDS

1. CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/676,759, filed Jul. 27, 2012; the disclo-
sure of which is incorporated herein by reference in its
entirety.

1I. FIELD

Provided herein are processes for preparing an isoindoline-
1,3-dione compound, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof.

1II. BACKGROUND

Many types of cancers are associated with new blood ves-
sel formation, a process known as angiogenesis. Several
mechanisms involved in tumor-induced angiogenesis have
been elucidated. The most direct of these mechanisms is the
secretion by the tumor cells of cytokines with angiogenic
properties, including tumor necrosis factor o (INF-cv).

A variety of other diseases and disorders are also associ-
ated with or characterized by undesired angiogenesis. For
example, enhanced or unregulated angiogenesis has been
implicated in a number of diseases and medical conditions,
including, but not limited to, ocular neovascular diseases,
choroidal neovascular diseases, retina neovascular diseases,
rubeosis (neovascularization of the angle), viral diseases,
genetic diseases, inflammatory diseases, allergic diseases,
and autoimmune diseases. Examples of such diseases and
conditions include, but are not limited to, diabetic retinopa-
thy, retinopathy of prematurity, corneal graft rejection,
neovascular glaucoma, retrolental fibroplasia, arthritis, and
proliferative vitreoretinopathy.

Certain isoindole-1,3-dione compounds, e.g., 4-amino-2-
(2,6-dioxopiperidine-3-yl)isoindoline-1,3-dione, have been
reported to be capable of controlling angiogenesis or inhibit-
ing the production of TNF-a, and useful in the treatment and
prevention of various diseases and conditions. See U.S. Pat.
No. 5,635,517, the disclosure of which is incorporated herein
by reference in its entirety.

Processes for preparing certain isoindoline-1,3-dione com-
pounds have been described, for example, in U.S. Pat. Nos.
5,635,517, 6,395,754; and 7,994,327, the disclosure of each
of' which is incorporated herein by reference in its entirety. A
need still exists for efficient processes for preparing isoindo-
line-1,3-dione compounds.

IV. SUMMARY

Provided herein is a process for preparing a compound of
Formula I:
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or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;

comprising the step of reacting a compound of Formula Ia:

(a)

cooH
AN
RI—-
|
2 coon
NI,

with 3-aminopiperidine-2,6-dione, or an enantiomer or a
mixture of enantiomers thereof;, or a salt thereof’, to form the
compound of Formula I;
wherein R* is hydrogen, hydroxyl, or —OR'%; and R'“ is a
hydroxyl protecting group.

Also provided herein is a process for preparing a com-
pound of Formula I:

08)
o O
NH
7Y
Rl—l N 0
/
e}
NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;

comprising the steps of:

(1) reacting a compound of Formula IIa:

(11a)

COOR?
AN
rRi—L
|
2 oo
NHR?

wherein:

R? is an amino protecting group; and

R? and R* are each independently hydrogen or a carboxyl
protecting group; with 3-aminopiperidine-2,6-dione, or
an enantiomer or a mixture of enantiomers thereof’; or a
salt thereof; to form a compound of Formula II:
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or an enantiomer or a mixture of enantiomers thereof; and

(ii) deprotecting the compound of Formula II to form the
compound of Formula I;
wherein R* is hydrogen, hydroxyl, or —OR'%; and R*“ is a
hydroxyl protecting group.

Additionally provided herein is a process for preparing a
compound of Formula I:

20
o oy
NHO
7S
RI— N 0
! - 25
o)
NI,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;

comprising the step of reducing a compound of Formula III:

o O
NH
S
Rl—l N 0
/
e}
NO,

to form the compound of Formula I;

wherein R' is hydroxyl or —OR'“; and R'“ is a hydroxyl
protecting group.
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Furthermore, provided herein is a process for preparing a

compound of Formula I: 30
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or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-

morph thereof; 65

comprising the step of converting the carboxyl group of a
compound of Formula IV:

4
aw
0
| AN NH
R! ] N 0
/
CO,H ©

to an amino group, thus to form the compound of Formula I;
wherein R* is hydrogen, hydroxyl, or —OR'%; and R'“ is a
hydroxyl protecting group.

V. DETAILED DESCRIPTION

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as those commonly
understood by one of ordinary skill in the art. All publications
and patents referred to herein are incorporated by reference
herein in their entireties.

A. Definitions

To facilitate understanding of the disclosure set forth
herein, a number of terms are defined below. Generally, the
nomenclature used herein and the laboratory procedures in
organic chemistry described herein are those well known and
commonly employed in the art.

The terms “process” and “method” are used interchange-
ably to refer to a method disclosed herein for a compound
preparation. Modifications to the processes and methods dis-
closed herein (e.g., starting materials, reagents, protecting
groups, solvents, temperatures, reaction times, and/or purifi-
cation) that are well known to those of ordinary skill in the art
are also encompassed by the disclosure.

The terms “adding,” “reacting,” and “mixing” are used
interchangeably to refer to contacting one reactant, reagent,
solvent, catalyst, or a reactive group with another reactant,
reagent, solvent, catalyst, or reactive group. Unless otherwise
specified, reactants, reagents, solvents, catalysts, and reactive
groups can be added individually, simultaneously, or sepa-
rately, and/or can be added in any order unless specified
specifically. They can be added in the presence or absence of
heat, and can optionally be added under an inert atmosphere
(e.g., N, or Ar). In certain embodiments, the term “reacting”
can also refer to in situ formation or intra-molecular reaction
where the reactive groups are in the same molecule.

The term “protecting” or “protection” refers to contacting
afunctional group, such as an amino group, a hydroxyl group,
and a carboxyl group, with a reagent to form a protecting
group on that functional group.

The term “deprotecting” or “deprotection” refers to a pro-
cess of restoring a functional group, such as an amino group,
a hydroxyl group, and a carboxyl group, on a compound by
removing a protecting group on that functional group.

The term “amino protecting group” refers to a protecting
group suitable for preventing undesired reactions at an amino
group. Examples of amino protecting groups include, but are
not limited to, formyl, acetyl (Ac), trifluoroacetyl, nitrophe-
nylacetyl, benzoyl (Bz), methoxycarbonyl, ethoxycarbonyl,
tert-butoxycarbonyl  (Boc),  1-methyl-1-(4-biphenylyl)-
ethoxy-carbonyl (Bpoc), allyloxycarbonyl (Alloc), benzy-
loxycarbonyl (Cbz), p-methoxybenzylcarbonyl (Moz),
9-fluorenylmethoxycarbonyl (Fmoc), 2-trimethylsi-
lylethoxycarbonyl (Teoc), tosyl (T's), and nitrobenzenesulfo-
nyl. Additional examples of amino protecting groups are
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described in Greene'’s Protective Groups in Organic Synthe-
sis, 4th edition, John Wiley & Sons, New York, 2007.

The term “carboxyl protecting group” refers to a protecting
group suitable for preventing undesired reactions at a car-
boxyl group. Examples of carboxyl protecting groups
include, but are not limited to, methyl, 9-fluorenylmethyl,
methoxymethyl, methylthiomethyl, tetrahydropyranyl, tet-
rahydrofuranyl, methoxyethoxymethyl, 2-(trimethylsilyl)
ethoxymethyl, benzyloxymethyl, ethyl, 2,2,2-trichloroethyl,
2-(trimethylsilyl)ethyl, 2-methylthioethyl, t-butyl (tBu),
cyclopentyl, cyclohexyl, allyl, cinnamyl, phenyl, benzyl
(Bn), triphenylmethyl (trityl), diphenylmethyl, trimethylsi-
lyl, triethylsilyl, t-butyldimethylsilyl, phenyldimethylsilyl,
and di-t-butylmethylsilyl. Additional examples of carboxyl
protecting groups are described in Greene’s Protective
Groups in Organic Synthesis, 4th edition, John Wiley & Sons,
New York, 2007.

The term “hydroxyl protecting group” refers to a protect-
ing group suitable for preventing undesired reactions at a
hydroxyl group. Examples of hydroxyl protecting groups
include, but are not limited to, allyl, methyl, 2-methoxy-
ethoxymethyl (MEM), methoxymethyl (MOM), methoxythi-
omethyl,  t-butoxymethyl, tri-isopropylsilyloxymethyl
(TOM), ethyl, 1-ethoxyethyl, isopropyl, t-butyl, benzyl, trityl
(Tr), dimethoxytrityl (DMT), monomethoxytrityl (MMT),
p-methoxybenzyl (PMB), acetyl, chloroacetyl, trichloro-
acetyl, trifluoroacetyl, pivaloyl (Piv), benzoyl, p-phenylben-
zoyl, trimethylsilyl (TMS), triisopropylsilyl (TIPS), t-bu-
tyldimethylsilyl (TBDMS), and tetrahydropyranyl.
Additional examples of hydroxyl protecting groups are
described in Greene'’s Protective Groups in Organic Synthe-
sis, 4th edition, John Wiley & Sons, New York, 2007. In
certain embodiments, the hydroxyl protecting group is a silyl
group, including, but not limited to, trimethylsilyl, triisopro-
pylsilyl, and t-butyldimethylsilyl.

The term “solvate” refers to a complex or aggregate formed
by one or more molecules of a solute, e.g., an isoindoline-1,
3-dione compound, and one or more molecules of a solvent,
which present in a stoichiometric or non-stoichiometric
amount. Suitable solvents include, but are not limited to,
water, methanol, ethanol, n-propanol, isopropanol, and acetic
acid. In certain embodiments, the solvent is pharmaceutically
acceptable. In one embodiment, the complex or aggregate is
in a crystalline form. In another embodiment, the complex or
aggregate is in a noncrystalline form. Where the solvent is
water, the solvate is a hydrate. Examples of hydrates include,
but are not limited to, a hemihydrate, monohydrate, dihy-
drate, trihydrate, tetrahydrate, and pentahydrate.

The term “about” or “approximately” means an acceptable
error for a particular value as determined by one of ordinary
skill in the art, which depends in part on how the value is
measured or determined. In certain embodiments, the term
“about” or “approximately” means within 1, 2, 3, or 4 stan-
dard deviations. In certain embodiments, the term “about” or
“approximately” means within 50%, 20%, 15%, 10%, 9%,
8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given
value or range.

The term “substantially complete” when referring to a
reaction means that the reaction contains no greater than
about 50%, no greater than about 40%, no greater than about
30%, no greater than about 20%, no greater than about 10%,
no greater than about 5%, no greater than about 4%, no
greater than about 3%, no greater than about 2%, no greater
than about 1%, no greater than about 0.5%, no greater than
about 0.1%, or no greater than about 0.05% of a starting
material.
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The term “substantially free” when referring to a compo-
sition that is “substantially free” of a compound means that
the composition contains no greater than about 20% by
weight, no greater than about 10% by weight, no greater than
about 5% by weight, no greater than about 3% by weight, no
greater than about 1% by weight, no greater than about 0.5%
by weight, no greater than about 0.2% by weight, no greater
than about 0.1% by weight, no greater than about 0.01% by
weight, no greater than about 0.001% by weight, or no greater
than about 0.0001% by weight of the compound.

The term “substantially pure” when referring to a com-
pound or composition means that the compound or compo-
sition has a purity of no less than about 80% by weight, no less
than about 90% by weight, no less than about 95% by weight,
no less than about 96% by weight, no less than about 97% by
weight, no less than about 98% by weight, no less than about
99% by weight, no less than about 99.5% by weight, no less
than about 99.9% by weight, no less than about 99.95% by
weight, no less than about 99.99% by weight, no less than
about 99.995% by weight, no less than about 99.999% by
weight, no less than about 99.9995% by weight, or no less
than about 99.9999% by weight.

The phrase “an enantiomer or a mixture of enantiomers
thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or polymorph thereof™ has the same meaning as the
phrase “an enantiomer or a mixture of enantiomers of the
compound referenced therein; a pharmaceutically acceptable
salt, solvate, hydrate, or polymorph of the compound refer-
enced therein; or a pharmaceutically acceptable salt, solvate,
hydrate, or polymorph of an enantiomer or a mixture of
enantiomers of the compound referenced therein.”

The phrase “an enantiomer or a mixture of enantiomers
thereof; or a salt thereof™ has the same meaning as the phrase
“an enantiomer or a mixture of enantiomers of the compound
referenced therein; a salt of the compound referenced therein;
or a salt of an enantiomer or a mixture of enantiomers of the
compound referenced therein.”

If the stereochemistry of a structure or a portion thereof is
not indicated, e.g., with bold or dashed lines, the structure or
portion thereof is to be interpreted as encompassing all ste-
reoisomers of the structure.

B. Synthetic Processes

In one embodiment, provided herein is a process for pre-
paring an isoindoline-1,3-dione compound of Formula I:

@

o O
NH
7N
Rl—l N 0
/
e}
NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;
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comprising the step of reacting a compound of Formula Ia:

(Ia)

COOH
AN
RI—I-
|
2 coon
NI,

with 3-aminopiperidine-2,6-dione, or an enantiomer or a
mixture of enantiomers thereof;, or a salt thereof;, to form the
compound of Formula I;

wherein R' is hydrogen, hydroxyl, or —OR'%; and R'? is a
hydroxyl protecting group.

In certain embodiments, the 3-aminopiperidine-2,6-dione
compound used in the process provided herein comprises
3-aminopiperidine-2,6-dione free base. In certain embodi-
ments, the 3-aminopiperidine-2,6-dione compound used in
the synthetic process provided herein is 3-aminopiperidine-
2,6-dione free base. In certain embodiments, 3-aminopiperi-
dine-2,6-dione free base is formed by neutralizing (i) a 3-ami-
nopiperidine-2,6-dione  salt, in one embodiment,
3-aminopiperidine-2,6-dione hydrochloride, with (ii) a base,
in one embodiment, an organic base, in another embodiment,
triethylamine. In certain embodiments, 3-aminopiperidine-2,
6-dione free base is formed in situ by neutralizing (i) a 3-ami-
nopiperidine-2,6-dione salt, in one embodiment, 3-aminopi-
peridine-2,6-dione hydrochloride, with (ii) a base, in one
embodiment, an organic base, in another embodiment, tri-
ethylamine. In certain embodiments, the 3-aminopiperidine-
2,6-dione salt is 3-aminopiperidine-2,6-dione hydrochloride.
In certain embodiments, the base is an inorganic base. In
certain embodiments, the base is an organic base, in one
embodiment, an amine. In certain embodiments, the base is
triethylamine or pyridine. In certain embodiments, the base is
triethylamine. In certain embodiments, the base is pyridine.

In certain embodiments, the 3-aminopiperidine-2,6-dione
compound used in the synthetic process provided herein com-
prises a 3-aminopiperidine-2,6-dione salt. In certain embodi-
ments, the 3-aminopiperidine-2,6-dione compound used in
the synthetic process provided herein is a 3-aminopiperidine-
2,6-dione salt. In certain embodiments, the 3-aminopiperi-
dine-2,6-dione salt is an organic salt of 3-aminopiperidine-2,
6-dione. In certain embodiments, the 3-aminopiperidine-2,6-
dione salt is an acetic acid salt of 3-aminopiperidine-2,6-
dione. In certain embodiments, the 3-aminopiperidine-2,6-
dione salt is an inorganic salt of 3-aminopiperidine-2,6-
dione. In certain embodiments, the 3-aminopiperidine-2,6-
dione salt is 3-aminopiperidine-2,6-dione hydrochloride.

In certain embodiments, the reaction of a compound of
Formula Ia with a 3-aminopiperidine-2,6-dione compound is
performed in the presence of a coupling reagent. Suitable
coupling reagents include, but are not limited to, a carbodi-
imide, N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
(EDC or EDCI), N-(3-dimethylaminopropyl)-N'-ethylcarbo-
diimide hydrochloride (EDC hydrochloride), 1-(3-dimethy-
laminopropyl)-3-ethylcarbodiimide = methiodide = (EDC
methiodide), 1-cyclohexyl-3-(2-morpholinoethyl)carbodi-
imide metho-p-toluenesulfonate, 1,3-dicyclohexylcarbodi-
imide (DCC), 1,1'-carbonyldiimidazole (CDI), bis(2-ox0-3-
oxazolidinyl)phosphinic ~ chloride  (BOP-Cl), O-(7-
azabenzotriazol-1-y1)-N,N,N'N'-tetramethyluronium
hexafluorophosphate (HATU), (7-azabenzotriazol-1-yloxy)
tripyrrolidinophosphonium hexafluorophosphate (PyAOP),
(benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafiuo-
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rophosphate (PyBOP), (benzotriazol-1-yloxy)tris(dimethy-
lamino)phosphonium hexafluorophosphate (BOP reagent),
NLN,N',N'-tetramethyl-O-(1H-benzotriazol-1-yl)uronium
hexafluorophosphate (HBTU), O-(benzotriazol-1-y1)-N,N,
N'.N'-tetramethyluronium  tetrafluoroborate ~ (TBTU),
O-(benzotriazol-1-y1)-N,N,N',N'-bis(tetramethylene Juro-
nium hexafluorophosphate (HBPyU), O-(benzotriazol-1-yl)-
N,N,N',N'-bis(pentamethylene)uronium  hexatluorophos-
phate, acetic anhydride, SOCl,, PCl,, POCl,, PCls, and
mixtures thereof. In certain embodiments, the coupling
reagent is a carbodiimide. In certain embodiments, the cou-
pling reagent is CDI. In certain embodiments, the coupling
reagent is EDCIL.

In certain embodiments, the reaction of a compound of
Formula Ia with a 3-aminopiperidine-2,6-dione compound is
performed in the presence of a base. In certain embodiments,
the base is an inorganic base. In certain embodiments, the
base is an organic base. In certain embodiments, the base is
triethylamine or pyridine. In certain embodiments, the base is
triethylamine. In certain embodiments, the base is pyridine.

In certain embodiments, the reaction of a compound of
Formula Ia with a 3-aminopiperidine-2,6-dione compound is
performed in a solvent. Suitable solvents include, but are not
limited to, petroleum ether, pentane, hexane(s), heptane,
octane, isooctane, cyclopentane, cyclohexane, methylcyclo-
hexane, benzene, toluene, xylene, tetralin, cumene, dichlo-
romethane (DCM), 1,2-dichloroethane, 1,1-dichloroethene,
1,2-dichloroethene, chloroform, trichloroethane, trichloroet-
hene, carbon tetrachloride, chlorobenzene, trifluoromethyl-
benzene, methanol, ethanol, isopropanol (IPA), 1-propanol,
1-butanol, 2-butanol, t-butanol, 3-methyl-1-butanol, 1-pen-
tanol, 2-methoxyethanol, 2-ethoxyethanol, ethyleneglycol,
diethyl ether, diisopropyl ether, methyl t-butyl ether (MTBE),
diphenyl ether, 1,2-dimethoxyethane, bi(2-methoxyethyl)
ether, 1,1-dimethoxymethane, 2,2-dimethoxypropane, ani-
sole, acetone, butanone, methyl ethyl ketone (MEK), methyl
isopropyl ketone, methyl butyl ketone, methyl isobutyl
ketone (MIBK), methyl acetate, ethyl formate, ethyl acetate,
propyl acetate, isopropyl acetate, isobutyl acetate, butyl
acetate, ethylene carbonate, propylene carbonate, forma-
mide, N,N-dimethylformamide (DMF), N,N-dimethylaceta-
mide, acetonitrile (ACN), dimethyl sulfoxide (DMSO), sul-
folane, nitromethane, nitrobenzene, N-methylpyrrolindone,
2-methyl tetrahydrofuran, tetrahydrofuran (THF), dioxane,
pyridine, formic acid, acetic acid, trichloroacetic acid, trif-
luoroacetic acid, hexamethylphosphoramide, carbon sulfide,
water, and mixtures thereof. In certain embodiments, the
solvent is an inorganic solvent. In certain embodiments, the
solvent is an organic solvent. In certain embodiments, the
solvent is an acid. In certain embodiments, the solvent is an
organic acid. In certain embodiments, the solvent is acetic
acid.

In certain embodiments, the reaction of a compound of
Formula Ia with a 3-aminopiperidine-2,6-dione compound is
performed at an elevated temperature. In certain embodi-
ments, the reaction temperature is ranging from about 30 to
about 200° C., from about 50 to about 150° C., or from about
100 to about 150° C. In certain embodiments, the reaction
temperature is about 90, about 100, about 110, about 120,
about 130, about 140, or about 150° C. In certain embodi-
ments, the reaction temperature is about 110, about 120, or
about 130° C. In certain embodiments, the reaction tempera-
ture is about 120° C.

In certain embodiments, R* is hydrogen. In certain embodi-
ments, R' is hydroxyl. In certain embodiments, R' is —OR'?,
wherein R'® is a hydroxyl protecting group. In certain
embodiments, R'?is C,_ alkyl. In certain embodiments, R'®
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is methyl, ethyl, propyl, t-butyl, or benzyl. In certain embodi-
ments, R'“ is methyl or isopropyl. In certain embodiments,
R'“ is methyl. In certain embodiments, R'“ is isopropyl. In
certain embodiments, R' is hydrogen, hydroxyl, methoxy,
ethoxy, isopropoxy, t-butoxy, or benzyloxy. In certain
embodiments, R! is hydrogen, hydroxyl, methoxy, or isopro-
poxy. In certain embodiments, R' is hydroxyl, methoxy, or
isopropoxy. In certain embodiments, R! is hydroxyl. In cer-
tain embodiments, R! is methoxy. In certain embodiments, R*
is 1SOPropoxy.

In certain embodiments, the compound of Formula Ia is
3-amino-phthalic acid, 3-amino-4-hydroxy-phthalic acid,
3-amino-5-hydroxy-phthalic acid, or 3-amino-6-hydroxy-
phthalic acid. In certain embodiments, the compound of For-
mula la is 3-amino-4-hydroxy-phthalic acid, 3-amino-5-hy-
droxy-phthalic acid, or 3-amino-6-hydroxy-phthalic acid. In
certain embodiments, the compound of Formula Ia is
3-amino-phthalic acid. In certain embodiments, the com-
pound of Formula Ia is 3-amino-4-hydroxy-phthalic acid. In
certain embodiments, the compound of Formula Ia is
3-amino-5-hydroxy-phthalic acid. In certain embodiments,
the compound of Formula Ia is 3-amino-6-hydroxy-phthalic
acid.

In certain embodiments, the compound of Formula I is
4-amino-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione,
4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-
1,3-dione, 4-amino-2-(2,6-dioxo-piperidin-3-y1)-6-hydroxy-
isoindole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-3-
y1)-7-hydroxy-isoindole-1,3-dione; or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-1,3-di-
one, 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hydroxy-isoin-
dole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-3-yl)-7-
hydroxy-isoindole-1,3-dione; or an enantiomer or a mixture
of'enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-yl)-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-1,3-di-
one, or an enantiomer or a mixture of enantiomers thereof; or
a pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof. In certain embodiments, the compound of
Formula 1 is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hy-
droxy-isoindole-1,3-dione, or an enantiomer or a mixture of
enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-y1)-7-hydroxy-isoindole-1,3-dione, or an enanti-
omer or a mixture of enantiomers thereof, or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof.

In certain embodiments, when R* is a protected hydroxyl,
the process provided herein further comprises a step of
removing the hydroxyl protecting group to form hydroxyl. In
certain embodiments, the deprotection is performed with an
acid. In certain embodiments, the acid is a Lewis acid. In
certain embodiments, the acid is AICl;, AlBr;, BCl,, or BBr;.
In certain embodiments, the acid is BCl, or BBr;.

In one embodiment, the process provided herein for pre-
paring an isoindoline-1,3-dione compound of Formula I, or
an enantiomer or a mixture of enantiomers thereof; or a phar-
maceutically acceptable salt, solvate, hydrate, or polymorph
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thereof; comprises the step of reacting a compound of For-
mula la with (i) a 3-aminopiperidine-2,6-dione salt, in one
embodiment, 3-aminopiperidine-2,6-dione hydrochloride, or
an enantiomer or a mixture of enantiomers thereof; in the
presence of (ii) a base, in one embodiment, an organic base, in
another embodiment, triethylamine; in (iii) a solvent, in one
embodiment, an organic acid, in another embodiment, acetic
acid; at (iv) an elevated temperature, in one embodiment,
about 120° C.; to form the compound of Formula 1.

In another embodiment, the process provided herein is for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxy-
isoindoline-1,3-dione:

NH

HO

NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;

comprising the step of reacting 3-amino-4-hydroxyphthalic
acid:

COOH

HO COOH

NH,

with a 3-aminopiperidine-2,6-dione salt, in one embodiment,
3-aminopiperidine-2,6-dione salt hydrochloride, or an enan-
tiomer or a mixture of enantiomers thereof; to form 4-amino-
2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-di-
one.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-
1,3-dione, or an enantiomer or a mixture of enantiomers
thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or polymorph thereof; comprises the step of reacting
3-amino-4-hydroxyphthalic acid with 3-aminopiperidine-2,
6-dione hydrochloride, or an enantiomer or a mixture of enan-
tiomers thereof; in the presence of (i) a base, in one embodi-
ment, an organic base, in another embodiment, triethylamine;
in (ii) a solvent, in one embodiment, an organic acid, in
another embodiment, acetic acid; at (iii) an elevated tempera-
ture, in one embodiment, 120° C.; to form 4-amino-2-(2,6-
dioxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione.

In one embodiment, the process for preparing 4-amino-2-
(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione
further comprises a process for preparing 3-amino-4-hydrox-
yphthalic acid, which comprises the step of hydrolyzing dim-
ethyl 3-amino-4-hydroxyphthalate to form 3-amino-4-hy-
droxyphthalic acid; wherein the methyl groups each function
as a carboxyl protecting group. Thus, other suitable carboxyl
protecting groups can also be employed in the place of the
methyl groups. In certain embodiments, the carboxyl protect-
ing groups are each independently methyl, ethyl, tert-butyl,
phenyl, or benzyl. In certain embodiments, the carboxyl pro-
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tecting groups are each independently methyl, ethyl, phenyl,
or benzyl. In certain embodiments, the carboxyl protecting
groups are methyl.

In certain embodiments, the hydrolysis is performed in the
presence of a base. In certain embodiments, the base is an
inorganic base. In certain embodiments, the base is sodium
hydroxide, potassium hydroxide, lithium hydroxide, sodium
carbonate, potassium carbonate, or cesium carbonate. In cer-
tain embodiments, the base is sodium hydroxide. In certain
embodiments, the base is an organic base. In certain embodi-
ments, the base is triethylamine.

In certain embodiments, the hydrolysis is performed in the
presence of an acid. In certain embodiments, the acid is an
organic acid. In certain embodiments, the acid is an inorganic
acid. In certain embodiments, the acid is hydrochloric acid or
sulfuric acid. In certain embodiments, the acid is hydrochlo-
ric acid.

In certain embodiments, the hydrolysis is performed in the
presence of a solvent. In certain embodiments, the solvent
comprises an inorganic solvent. In certain embodiments, the
solvent comprises an organic solvent. In certain embodi-
ments, the solvent comprises an organic solvent and an inor-
ganic solvent. In certain embodiments, the solvent comprises
water. In certain embodiments, the solvent comprises ethanol.
In certain embodiments, the solvent comprises water and
ethanol. In certain embodiments, the solvent is a mixture of
water and ethanol.

In certain embodiments, the hydrolysis is performed at an
elevated temperature. In certain embodiments, the tempera-
ture is ranging from about 30 to about 150° C., from about 40
to about 125° C., or from about 50 to about 100° C. In certain
embodiments, the temperature is about 50, about 60, about
70, about 80, or about 90° C. In certain embodiments, the
temperature is about 70° C.

In another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-
1,3-dione further comprises a process for preparing dimethyl
3-amino-4-hydroxyphthalate, which comprises reducing
dimethyl 4-hydroxy-3-nitrophthalate to form dimethyl
3-amino-4-hydroxyphthalate; wherein the methyl groups
each function as a carboxyl protecting group. Thus, other
suitable carboxyl protecting groups can also be employed in
the place of the methyl groups. In certain embodiments, the
carboxyl protecting groups are each independently methyl,
ethyl, tert-butyl, phenyl, or benzyl. In certain embodiments,
the carboxyl protecting groups are each independently
methyl, ethyl, phenyl, or benzyl. In certain embodiments, the
carboxyl protecting groups are methyl.

In certain embodiments, the reduction is performed via
catalytic hydrogenation in the presence of a catalyst. In cer-
tain embodiments, the catalyst is a heterogeneous hydroge-
nation catalyst. In certain embodiments, the catalyst is Raney
nickel, palladium, palladium black, palladium on carbon (Pd/
C), palladium oxide, Lindlar catalyst, platinum, platinum
black, platinum on carbon (Pt/C), or platinum dioxide
(Adam’s catalyst). In certain embodiments, the catalyst is a
homogeneous hydrogenation catalyst. In certain embodi-
ments, the homogeneous catalyst is an iridium-based catalyst.
In certain embodiments, the homogeneous catalyst is a pal-
ladium-based catalyst. In certain embodiments, the homoge-
neous catalyst is a platinum-based catalyst. In certain
embodiments, the homogeneous catalyst is a thodium-based
catalyst. In certain embodiments, the homogeneous catalyst
is chloro-tris(triphenylphosphine)rhodium(I) (Wilkinson’s
catalyst). In certain embodiments, the homogeneous catalyst
is an iridium-based catalyst. In certain embodiments, the
homogeneous catalyst is Crabtree’s catalyst.
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In certain embodiments, the catalyst is a precious metal
catalyst. In certain embodiments, the catalyst is an iridium,
palladium, platinum, rhodium, or ruthenium catalyst. In cer-
tain embodiments, the catalyst is an iridium catalyst. In cer-
tain embodiments, the catalyst is a palladium catalyst. In
certain embodiments, the catalyst is palladium, palladium
black, palladium on carbon (Pd/C), palladium oxide, or Lind-
lar catalyst. In certain embodiments, the catalyst is palladium.
In certain embodiments, the catalyst is palladium black. In
certain embodiments, the catalyst is palladium on carbon
(Pd/C). In certain embodiments, the catalyst is palladium
oxide. In certain embodiments, the catalyst is Lindlar cata-
lyst. In certain embodiments, the catalyst is a platinum cata-
lyst. In certain embodiments, the catalyst is platinum, plati-
num black, platinum on carbon (Pt/C), or platinum dioxide
(PtO,). In certain embodiments, the catalyst is platinum. In
certain embodiments, the catalyst is platinum black. In cer-
tain embodiments, the catalyst is platinum on carbon (Pt/C).
In certain embodiments, the catalyst is platinum dioxide. In
certain embodiments, the catalyst is a rhodium catalyst. In
certain embodiments, the catalyst is a ruthenium catalyst.

In certain embodiments, the catalyst is a non-precious
metal catalyst. In certain embodiments, the catalystis a nickel
catalyst. In certain embodiments, the catalyst is Raney nickel.

In certain embodiments, the reduction is performed using a
reducing agent. In certain embodiments, the reducing agent
comprises iron and an acid. In certain embodiments, the
reducing agent is Fe/HCI. In certain embodiments, the reduc-
ing agent comprises zinc and an acid. In certain embodi-
ments, the reducing agent is Zn/HOAc. In certain embodi-
ments, the reducing agent is samarium diiodide. In certain
embodiments, the reducing agent is hydrogen (H,), formic
acid, ammonium formate, hypophosphorous acid, cyclohex-
ene, cyclohexadiene, diimide, or carbon monooxide.

In certain embodiments, the reduction is performed in the
presence of a solvent. In certain embodiments, the solvent is
methanol.

In certain embodiments, the reduction is performed at a
temperature ranging from about 0 to about 150° C., from
about 10 to about 100° C., or from about 15 to about 50° C. In
certain embodiments, the temperature is about 10, about 20,
about 30, about 40, or about 50° C. In certain embodiments,
the temperature is about 25° C. In certain embodiments, the
temperature is room temperature.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-
1,3-dione further comprises a process for preparing dimethyl
4-hydroxy-3-nitrophthalate, which comprises the step of
reacting dimethyl 4-hydroxyphthalate with a nitration
reagent to form dimethyl 4-hydroxy-3-nitrophthalate;
wherein the methyl groups are each functioning as a carboxyl
protecting group. Thus, other suitable carboxyl protecting
groups can also be employed in the place of the methyl
groups. In certain embodiments, the carboxyl protecting
groups are each independently methyl, ethyl, tert-butyl, phe-
nyl, or benzyl. In certain embodiments, the carboxyl protect-
ing groups are each independently methyl, ethyl, phenyl, or
benzyl. In certain embodiments, the carboxyl protecting
groups are methyl.

In certain embodiments, the nitration reagent comprises
nitric acid. In certain embodiments, the nitration reagent
comprises nitric acid and sulfuric acid. In certain embodi-
ments, the nitration reagent is a mixture of nitric acid and
sulfuric acid.

In certain embodiments, the nitration is performed at a
temperature ranging from about 0 to about 150° C., from
about 10 to about 100° C., or from about 15 to about 50° C. In
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certain embodiments, the temperature is about 10, about 15,
about 20, about 25, about 30, about 35, or about 40° C. In
certain embodiments, the temperature is about 25° C. In cer-
tain embodiments, the temperature is room temperature.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-
1,3-dione further comprises a process for preparing dimethyl
4-hydroxyphthalate, which comprises the step of reacting
4-hydroxyphthalic acid with methanol to form dimethyl
4-hydroxyphthalate; wherein the methyl groups are each
functioning as a carboxyl protecting group. Thus, other suit-
able carboxyl protecting groups can also be employed in the
place of the methyl groups. In certain embodiments, the car-
boxyl protecting groups are each independently methyl,
ethyl, tert-butyl, phenyl, or benzyl. In certain embodiments,
the carboxyl protecting groups are each independently
methyl, ethyl, phenyl, or benzyl. In certain embodiments, the
carboxyl protecting groups are methyl.

In certain embodiments, the carboxyl protection is per-
formed in the presence of a coupling reagent. In certain
embodiments, the coupling reagent is SOCI,, POCI;, or
EDCI. In certain embodiments, the coupling reagent is
SOCL,.

In certain embodiments, the carboxyl protection is per-
formed via an esterification reaction. In certain embodiments,
the carboxyl protection is performed in the presence of an
acid. In certain embodiments, the carboxyl protection is per-
formed via the Fisher esterification.

In certain embodiments, the carboxyl protection is per-
formed in the presence of a solvent. In certain embodiments,
the solvent is methanol, ethanol, phenol, or benzyl alcohol, to
form methyl, ethyl, phenyl, or benzyl protecting group,
respectively. In certain embodiments, the solvent is methanol.

In certain embodiments, the carboxyl protection is per-
formed at an elevated temperature. In certain embodiments,
the temperature is ranging from about 30 to about 150° C.,
from about 40 to about 125° C., or from about 50 to about
100° C. In certain embodiments, the temperature is about 60,
about 70, about 80, about 90, about 100, or about 110° C. In
certain embodiments, the temperature is about 80° C.

In yet another embodiment, the process provided herein for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxy-
isoindoline-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof; comprises the steps of:

(1) protecting 4-hydroxyphthalic acid to form a carboxyl
protected 4-hydroxyphthalic acid;

(ii) reacting the carboxyl protected 4-hydroxyphthalic acid
with a nitration reagent, in one embodiment, nitric acid/sul-
furic acid, to form a carboxyl protected 4-hydroxy-3-nitro-
phthalic acid;

(iii) reducing the carboxyl protected 4-hydroxy-3-nitro-
phthalic acid, in one embodiment, via catalytic hydrogena-
tion, to form a carboxyl protected 3-amino-4-hydroxyph-
thalic acid;

(iv) deprotecting the carboxyl protected 3-amino-4-hy-
droxyphthalic acid, in one embodiment, with a base, in
another embodiment, with sodium hydroxide, to form
3-amino-4-hydroxyphthalic acid; and

(v) reacting 3-amino-4-hydroxyphthalic acid with 3-ami-
nopiperidine-2,6-dione hydrochloride, or an enantiomer or a
mixture of enantiomers thereof; to form 4-amino-2-(2,6-di-
oxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione.

In still another embodiment, the process provided herein
for preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hy-
droxyisoindoline-1,3-dione, or an enantiomer or a mixture of
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enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof; comprises the steps
of:

(1) reacting 4-hydroxyphthalic acid with methanol in the
presence of a coupling reagent, in one embodiment, a cou-
pling reagent, in another embodiment, SOCI,, to form dim-
ethyl 4-hydroxyphthalate;

(ii) reacting dimethyl 4-hydroxyphthalate with a nitration
reagent, in one embodiment, nitric acid/sulfuric acid, to form
dimethyl 4-hydroxy-3-nitrophthalate;

(ii1) reducing dimethyl 4-hydroxy-3-nitrophthalate, in one
embodiment, via catalytic hydrogenation, to form dimethyl
3-amino-4-hydroxyphthalate;

(iv) hydrolyzing dimethyl 3-amino-4-hydroxyphthalate, in
one embodiment, with sodium hydroxide, to form 3-amino-
4-hydroxyphthalic acid; and

(v) reacting 3-amino-4-hydroxyphthalic acid with 3-ami-
nopiperidine-2,6-dione hydrochloride, or an enantiomer or a
mixture of enantiomers thereof; to form 4-amino-2-(2,6-di-
oxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione.

In another embodiment, provided herein is a process for
preparing an isoindoline-1,3-dione compound of Formula I:

08)
o}
NH
7Y
Rl—l N 0

/

e}
NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;
comprising the steps of:

(1) reacting a compound of Formula IIa:

(Ila)
COOR?
x
Rl—:
7 coors
NHR?
wherein:
R? is an amino protecting group; and
R? and R* are each independently hydrogen or a carboxyl
protecting group; with 3-aminopiperidine-2,6-dione, or
an enantiomer or a mixture of enantiomers thereof’; or a
salt thereof; to form a compound of Formula II:
an
[e] O,
| SN NH
Rl—l N 0;
>~
NHR?
and



US 9,133,161 B2

15

(ii) deprotecting the compound of Formula II to form the
compound of Formula I;
wherein R' is hydrogen, hydroxyl, or —OR'%; and R'? is a
hydroxyl protecting group.

In certain embodiments, the 3-aminopiperidine-2,6-dione
compound used in the process provided herein comprises
3-aminopiperidine-2,6-dione free base. In certain embodi-
ments, the 3-aminopiperidine-2,6-dione compound used in
the synthetic process provided herein is 3-aminopiperidine-
2,6-dione free base. In certain embodiments, 3-aminopiperi-
dine-2,6-dione free base is formed by neutralizing (i) a 3-ami-
nopiperidine-2,6-dione  salt, in one embodiment,
3-aminopiperidine-2,6-dione hydrochloride, with (ii) a base,
in one embodiment, an organic base, in another embodiment,
triethylamine. In certain embodiments, 3-aminopiperidine-2,
6-dione free base is formed in situ by neutralizing (i) a 3-ami-
nopiperidine-2,6-dione salt, in one embodiment, 3-aminopi-
peridine-2,6-dione hydrochloride, with (ii) a base, in one
embodiment, an organic base, in another embodiment, tri-
ethylamine. In certain embodiments, the 3-aminopiperidine-
2,6-dione salt is 3-aminopiperidine-2,6-dione hydrochloride.
In certain embodiments, the base is an inorganic base. In
certain embodiments, the base is an organic base, in one
embodiment, an amine. In certain embodiments, the base is
triethylamine or pyridine. In certain embodiments, the base is
triethylamine. In certain embodiments, the base is pyridine.

In certain embodiments, the 3-aminopiperidine-2,6-dione
compound used in the synthetic process provided herein com-
prises a 3-aminopiperidine-2,6-dione salt. In certain embodi-
ments, the 3-aminopiperidine-2,6-dione compound used in
the synthetic process provided herein is a 3-aminopiperidine-
2,6-dione salt. In certain embodiments, the 3-aminopiperi-
dine-2,6-dione salt is an organic salt of 3-aminopiperidine-2,
6-dione. In certain embodiments, the 3-aminopiperidine-2,6-
dione salt is an acetic acid salt of 3-aminopiperidine-2,6-
dione. In certain embodiments, the 3-aminopiperidine-2,6-
dione salt is an inorganic salt of 3-aminopiperidine-2,6-
dione. In certain embodiments, the 3-aminopiperidine-2,6-
dione salt is 3-aminopiperidine-2,6-dione hydrochloride.

In certain embodiments, the reaction of a compound of
Formula Ila with a 3-aminopiperidine-2,6-dione compound
is performed in the presence of a coupling reagent.

In certain embodiments, the reaction of a compound of
Formula Ila with a 3-aminopiperidine-2,6-dione compound
is performed in the presence of a base. In certain embodi-
ments, the base is an inorganic base. In certain embodiments,
the base is an organic base. In certain embodiments, the base
is triethylamine or pyridine. In certain embodiments, the base
is pyridine.

In certain embodiments, the reaction of a compound of
Formula Ila with a 3-aminopiperidine-2,6-dione compound
is performed in a solvent. In certain embodiments, the solvent
is an organic solvent. In certain embodiments, the solvent is
pyridine.

In certain embodiments, the reaction of a compound of
Formula Ila with a 3-aminopiperidine-2,6-dione compound
is performed at an elevated temperature. In certain embodi-
ments, the reaction temperature is ranging from about 30 to
about 150° C., from about 50 to about 150° C., or from about
75 to about 125° C. In certain embodiments, the reaction
temperature is about 70, about 80, about 90, about 100, about
110, about 120, or about 130° C. In certain embodiments, the
reaction temperature is about 90, about 100, or about 110° C.
In certain embodiments, the reaction temperature is about
100° C.

In certain embodiments, the deprotection of a compound of
Formula 1II is performed in the presence of a deprotecting
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reagent for an amino protecting group. In certain embodi-
ments, the deprotecting reagent is for removing a Boc group.
In certain embodiments, the deprotecting reagent is an acid.
In certain embodiments, the deprotecting reagent is an
organic acid. In certain embodiments, the deprotecting
reagent is trifluoroacetic acid. In certain embodiments, the
deprotecting reagent is an inorganic acid. In certain embodi-
ments, the deprotecting reagent is hydrochloric acid.

In certain embodiments, the deprotection is performed in
the presence of a solvent. In certain embodiments, the solvent
is an inorganic solvent. In certain embodiments, the solvent is
an organic solvent. In certain embodiments, the solvent is
dichloromethane (DCM).

In certain embodiments, the deprotection is performed at a
temperature ranging from about 0 to about 150° C., from
about 10 to about 100° C., or from about 15 to about 50° C. In
certain embodiments, the temperature is about 10, about 15,
about 20, about 25, about 30, about 35, or about 40° C. In
certain embodiments, the temperature is about 25° C. In cer-
tain embodiments, the temperature is room temperature.

In certain embodiments, R* is hydrogen. In certain embodi-
ments, R' is hydroxyl. In certain embodiments, R' is —OR'?,
wherein R'® is a hydroxyl protecting group. In certain
embodiments, R'?is C,_ alkyl. In certain embodiments, R'®
is methyl, ethyl, propyl, t-butyl, or benzyl. In certain embodi-
ments, R'“ is methyl or isopropyl. In certain embodiments,
R'“ is methyl. In certain embodiments, R'“ is isopropyl. In
certain embodiments, R* is hydrogen, hydroxyl, methoxy,
ethoxy, isopropoxy, or benzyl. In certain embodiments, R* is
hydrogen, hydroxyl, methoxy, or isopropoxy. In certain
embodiments, R' is hydroxyl, methoxy, or isopropoxy. In
certain embodiments, R* is hydroxyl. In certain embodi-
ments, R* is methoxy. In certain embodiments, R" is isopro-
POXYy.

In certain embodiments, R? is an amino protecting group.
In certain embodiments, R? is Boc, Cbz, or Fmoc. In certain
embodiments, R? is Boc. In certain embodiments, R? is Cbz.
In certain embodiments, R? is Fmoc.

In certain embodiments, R? is hydrogen. In certain embodi-
ments, R is a carboxyl protecting group. In certain embodi-
ments, R® is methyl, ethyl, phenyl, or benzyl. In certain
embodiments, R* is methyl. In certain embodiments, R> is
ethyl. In certain embodiments, R® is phenyl. In certain
embodiments, R> is benzyl.

In certain embodiments, R*is hydrogen. In certain embodi-
ments, R* is a carboxyl protecting group. In certain embodi-
ments, R* is methyl, ethyl, phenyl, or benzyl. In certain
embodiments, R* is methyl. In certain embodiments, R* is
ethyl. In certain embodiments, R* is phenyl. In certain
embodiments, R* is benzyl.

In certain embodiments, R* and R* are different. In certain
embodiments, R® and R* are methyl, ethyl, phenyl, or benzyl.

In certain embodiments, R® and R* are the same. In certain
embodiments, R> and R* are both hydrogen. In certain
embodiments, R> and R* are the same and both methyl, ethyl,
phenyl, or benzyl. In certain embodiments, R* and R* are both
methyl. In certain embodiments, R® and R* are both ethyl. In
certain embodiments, R®> and R* are both phenyl. In certain
embodiments, R* and R* are both benzyl.

In certain embodiments, the compound of Formula Ila is
3-tert-butoxycarbonylaminophthalic acid dimethyl ester,
3-tert-butoxycarbonylamino-4-hydroxy-phthalic acid dim-
ethyl ester, 3-tert-butoxycarbonylamino-5-hydroxy-phthalic
acid dimethyl ester, or 3-tert-butoxycarbonylamino-6-hy-
droxy-phthalic acid dimethyl ester. In certain embodiments,
the compound of Formula I1a is 3-tert-butoxycarbonylamino-
4-hydroxy-phthalic acid dimethyl ester, 3-tert-butoxycarbo-
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nylamino-5-hydroxy-phthalic acid dimethyl ester, or 3-tert-
butoxycarbonylamino-6-hydroxy-phthalic acid dimethyl
ester. In certain embodiments, the compound of Formula Ila
is 3-tert-butoxycarbonylaminophthalic acid dimethyl ester.
In certain embodiments, the compound of Formula Ila is
3-tert-butoxycarbonylamino-4-hydroxy-phthalic acid dim-
ethyl ester. In certain embodiments, the compound of For-
mula Ila is 3-tert-butoxycarbonylamino-5-hydroxy-phthalic
acid dimethyl ester. In certain embodiments, the compound of
Formula Ila is 3-tert-butoxycarbonylamino-6-hydroxy-ph-
thalic acid dimethy] ester.

In certain embodiments, the compound of Formula 1T is
(2-(2,6-dioxo-piperidin-3-yl)-1,3-dioxo-2,3-dihydro-1H-
isoindol-4-yl)-carbamic acid tert-butyl ester, (2-(2,6-dioxo-
piperidin-3-y1)-5-hydroxy-1,3-dioxo-2,3-dihydro-1H-isoin-
dol-4-yl)-carbamic acid tert-butyl ester, (2-(2,6-dioxo-
piperidin-3-y1)-6-hydroxy-1,3-dioxo-2,3-dihydro-1H-
isoindol-4-yl)-carbamic acid tert-butyl ester, or (2-(2,6-
dioxo-piperidin-3-yl)-7-hydroxy-1,3-dioxo-2,3-dihydro-
1H-isoindol-4-yl)-carbamic acid tert-butyl ester; or an
enantiomer or a mixture of enantiomers thereof. In certain
embodiments, the compound of Formula I1 is (2-(2,6-dioxo-
piperidin-3-y1)-5-hydroxy-1,3-dioxo-2,3-dihydro-1H-isoin-
dol-4-yl)-carbamic acid tert-butyl ester, (2-(2,6-dioxo-piperi-
din-3-yl)-6-hydroxy-1,3-dioxo-2,3-dihydro-1H-isoindol-4-
yl)-carbamic acid tert-butyl ester, or (2-(2,6-dioxo-piperidin-
3-y1)-7-hydroxy-1,3-dioxo-2,3-dihydro-1H-isoindol-4-y1)-
carbamic acid tert-butyl ester; or an enantiomer or a mixture
of enantiomers thereof. In certain embodiments, the com-
pound of Formula I is (2-(2,6-dioxo-piperidin-3-yl)-1,3-di-
0x0-2,3-dihydro-1H-isoindol-4-yl)-carbamic acid tert-butyl
ester, or an enantiomer or a mixture of enantiomers thereof. In
certain embodiments, the compound of Formula 1T is (2-(2,
6-dioxo-piperidin-3-yl)-5-hydroxy-1,3-dioxo-2,3-dihydro-
1H-isoindol-4-yl)-carbamic acid tert-butyl ester, or an enan-
tiomer or a mixture of enantiomers thereof. In certain
embodiments, the compound of Formula I1 is (2-(2,6-dioxo-
piperidin-3-y1)-6-hydroxy-1,3-dioxo-2,3-dihydro-1H-isoin-
dol-4-yl)-carbamic acid tert-butyl ester, or an enantiomer or a
mixture of enantiomers thereof. In certain embodiments, the
compound of Formula II is (2-(2,6-dioxo-piperidin-3-yl)-7-
hydroxy-1,3-dioxo-2,3-dihydro-1H-isoindol-4-yl)-carbamic
acid tert-butyl ester, or an enantiomer or a mixture of enanti-
omers thereof.

In certain embodiments, the compound of Formula I is
4-amino-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione,
4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-
1,3-dione, 4-amino-2-(2,6-dioxo-piperidin-3-y1)-6-hydroxy-
isoindole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-3-
y1)-7-hydroxy-isoindole-1,3-dione; or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-1,3-di-
one, 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hydroxy-isoin-
dole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-3-yl)-7-
hydroxy-isoindole-1,3-dione; or an enantiomer or a mixture
of'enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-yl)-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-1,3-di-
one, or an enantiomer or a mixture of enantiomers thereof; or
a pharmaceutically acceptable salt, solvate, hydrate, or poly-
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morph thereof. In certain embodiments, the compound of
Formula 1 is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hy-
droxy-isoindole-1,3-dione, or an enantiomer or a mixture of
enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-y1)-7-hydroxy-isoindole-1,3-dione, or an enanti-
omer or a mixture of enantiomers thereof, or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof.

In certain embodiments, when R* is a protected hydroxyl,
the process provided herein further comprises a step of
removing the hydroxyl protecting group to form hydroxyl. In
certain embodiments, the deprotection is performed with an
acid. In certain embodiments, the acid is a Lewis acid. In
certain embodiments, the acid is AICl;, AlBr;, BCl,, or BBr;.
In certain embodiments, the acid is BCl, or BBr;.

In one embodiment, the process provided herein for pre-
paring an isoindoline-1,3-dione compound of Formula I, or
an enantiomer or a mixture of enantiomers thereof; or a phar-
maceutically acceptable salt, solvate, hydrate, or polymorph
thereof; comprises the steps of:

(1) reacting a compound of Formula Ila with (a) a 3-ami-
nopiperidine-2,6-dione salt, in one embodiment, 3-aminopi-
peridine-2,6-dione hydrochloride, or an enantiomer or a mix-
ture of enantiomers thereof; in the presence of (b) a base, in
one embodiment, an organic base, in another embodiment,
pyridine; at (¢) an elevated temperature, in one embodiment,
about 100° C.; to form the compound of Formula II; and

(i) deprotecting the compound of Formula II to form the
compound of Formula 1.

In another embodiment, the process provided herein is for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-7-hydroxy-
isoindoline-1,3-dione:

OH

NH

NI,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;
comprising the steps of:

(1) reacting dimethyl 3-(tert-butoxycarbonylamino)-6-hy-
droxyphthalate:

OH

COOCH;

COOCH;

NHBoc

with 3-aminopiperidine-2,6-dione hydrochloride, or an enan-
tiomer or a mixture of enantiomers thereof; to form tert-butyl
2-(2,6-dioxopiperidin-3-yl)-7-hydroxy-1,3-dioxoisoindolin-
4-ylcarbamate:
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and

(ii) deprotecting tert-butyl 2-(2,6-dioxopiperidin-3-yl)-7-
hydroxy-1,3-dioxoisoindolin-4-ylcarbamate to form
4-amino-2-(2,6-dioxopiperidin-3-yl)-7-hydroxyisoindoline-
1,3-dione.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-7-hydroxyisoindoline-
1,3-dione, or an enantiomer or a mixture of enantiomers
thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or polymorph thereof; comprises the steps of:

(1) reacting dimethyl 3-(tert-butoxycarbonylamino)-6-hy-
droxyphthalate with 3-aminopiperidine-2,6-dione hydro-
chloride, or an enantiomer or a mixture of enantiomers
thereof; in the presence of (a) a base, in one embodiment, an
organic base, in another embodiment, pyridine; at (b) an
elevated temperature, in one embodiment, about 100° C.; to
form tert-butyl 2-(2,6-dioxopiperidin-3-yl)-7-hydroxy-1,3-
dioxoisoindolin-4-ylcarbamate; and

(ii) deprotecting tert-butyl 2-(2,6-dioxopiperidin-3-yl)-7-
hydroxy-1,3-dioxoisoindolin-4-ylcarbamate with an acid, in
one embodiment, trifluoroacetic acid, to form 4-amino-2-(2,
6-dioxopiperidin-3-yl)-7-hydroxyisoindoline-1,3-dione.

In one embodiment, the process for preparing 4-amino-2-
(2,6-dioxopiperidin-3-yl)-7-hydroxyisoindoline-1,3-dione
further comprises a process for preparing dimethyl 3-(tert-
butoxycarbonylamino)-6-hydroxyphthalate, which com-
prises the step of reacting tert-butyl furan-2-ylcarbamate with
dimethyl but-2-ynedioate via the Diels-Alder reaction to
form dimethyl 3-(tert-butoxycarbonylamino)-6-hydroxyph-
thalate; wherein the methyl groups each function as a car-
boxyl protecting group, and the Boc group functions an
amino protecting group. Thus, other suitable carboxyl pro-
tecting groups can be employed in the place of the methyl
groups; and other suitable amino protecting groups can be
used in the place of the Boc group. In certain embodiments,
the carboxyl protecting groups are each independently
methyl, ethyl, tert-butyl, phenyl, or benzyl. In certain
embodiments, the carboxyl protecting groups are each inde-
pendently methyl, ethyl, phenyl, or benzyl. In certain embodi-
ments, the carboxyl protecting groups are methyl. In certain
embodiments, the amino protecting group is Boc, Cbz, or
Fmoc. In certain embodiments, the amino protecting group is
Boc.

In certain embodiments, the Diels-Alder reaction is per-
formed in a solvent. In certain embodiments, the solvent is an
organic solvent. In certain embodiments, the solvent is tolu-
ene.

In certain embodiments, the Diels-Alder reaction is per-
formed at a temperature ranging from about 0 to about 150°
C., from about 10 to about 100° C., or from about 25 to about
75° C. In certain embodiments, the Diels-Alder reaction is
performed at about 25, about 30, about 35, about 40, about 45,
about 50, about 55, or about 60° C. In certain embodiments,
the Diels-Alder reaction is performed at about 45° C.

In another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-7-hydroxyisoindoline-
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1,3-dione further comprises a process for preparing tert-butyl
furan-2-ylcarbamate, which comprises the step of reacting
furan-2-carboxylic acid with an azide reagent, in one embodi-
ment, diphenyl phosphorazidate (DPPA), in the presence of
tert-butyl alcohol to form tert-butyl furan-2-ylcarbamate;
wherein the Boc group functions as an amino protecting
group. Thus, other suitable amino protecting group can also
beused in the place of'the Boc group. In certain embodiments,
the amino protecting group is Boc, Cbz, or Fmoc. For
example, Cbz and Fmoc can be formed by using benzyl
alcohol or (9H-fluoren-9-yl)methanol, respectively, in the
place of tert-butanol in the reaction.

In certain embodiments, the reaction of furan-2-carboxylic
acid with an azide reagent is performed in a solvent. In certain
embodiments, the solvent is an organic solvent. In certain
embodiments, the solvent is an alcohol. In certain embodi-
ments, the solvent is tert-butanol, benzyl alcohol, or (9H-
fluoren-9-yl)methanol. In certain embodiments, the solvent is
tert-butanol. In certain embodiments, the solvent is benzyl
alcohol. In certain embodiments, the solvent is (9H-fluoren-
9-yl)methanol.

In certain embodiments, the reaction of furan-2-carboxylic
acid with an azide reagent is performed at an elevated tem-
perature. In certain embodiments, the temperature is ranging
from about 30 to about 150° C., from about 40 to about 125°
C., or from about 50 to about 100° C. In certain embodiments,
the temperature is about 50, about 60, about 70, about 80,
about 85, about 90, about 100° C. In certain embodiments, the
temperature is about 80 or about 85° C.

Inyetanother embodiment, the process provided herein for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-7-hydroxy-
isoindoline-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof; comprises the steps of:

(1) reacting furan-2-carboxylic acid with diphenyl phos-
phorazidate in the presence of an alcohol, in one embodiment,
t-butanol, to form a 2-protected aminofuran;

(ii) reacting the 2-protected aminofuran with a carboxyl
protected but-2-ynedioic acid via the Diels-Alder reaction to
form a carboxyl protected 3-protected amino-6-hydroxyph-
thalic acid;

(ii1) reacting the carboxyl protected 3-protected amino-6-
hydroxyphthalic acid with 3-aminopiperidine-2,6-dione
hydrochloride, or an enantiomer or a mixture of enantiomers
thereof; to form a 4-protected amino-2-(2,6-dioxopiperidin-
3-y1)-7-hydroxyisoindoline-1,3-dione; and

(iv) deprotecting the 4-protected amino-2-(2,6-dioxopip-
eridin-3-yl)-7-hydroxyisoindoline-1,3-dione  to form
4-amino-2-(2,6-dioxopiperidin-3-yl)-7-hydroxyisoindoline-
1,3-dione.

In still another embodiment, the process provided herein
for preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-7-hy-
droxyisoindoline-1,3-dione, or an enantiomer or a mixture of
enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof; comprises the steps
of:

(1) reacting furan-2-carboxylic acid with diphenyl phos-
phorazidate and tert-butyl alcohol to form tert-butyl furan-2-
ylcarbamate;

(ii) reacting tert-butyl furan-2-ylcarbamate with dimethyl
but-2-ynedioate via the Diels-Alder reaction to form dim-
ethyl 3-(tert-butoxycarbonylamino)-6-hydroxyphthalate;

(ii1) reacting dimethyl 3-(tert-butoxycarbonylamino)-6-
hydroxyphthalate with 3-aminopiperidine-2,6-dione hydro-
chloride, or an enantiomer or a mixture of enantiomers
thereof; in the presence of (a) a base, in one embodiment, an
organic base, in another embodiment, pyridine; in (b) a sol-
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vent, in one embodiment, pyridine; at (¢) an elevated tem-
perature, in one embodiment, about 100° C.; to form tert-
butyl 2-(2,6-dioxopiperidin-3-yl)-7-hydroxy-1,3-
dioxoisoindolin-4-ylcarbamate; and

(iv) deprotecting tert-butyl 2-(2,6-dioxopiperidin-3-yl)-7-
hydroxy-1,3-dioxoisoindolin-4-ylcarbamate with trifluoro-
acetic acid to form 4-amino-2-(2,6-dioxopiperidin-3-yl)-7-
hydroxyisoindoline-1,3-dione.

Inyet another embodiment, provided herein is a process for
preparing an isoindoline-1,3-dione compound of Formula I:

o O
NH
7
Rl—l N 0
/
0
NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;

comprising the step of reducing a compound of Formula III:

o O
NH
7S
Rl—l N 0
/
e}
NO,

to form the compound of Formula I;
wherein R' is hydroxyl or —OR'%; and R'“ is a hydroxyl
protecting group.

In certain embodiments, the reduction of the compound of
Formula III is performed via catalytic hydrogenation. In cer-
tain embodiments, the reduction of the compound of Formula
11T is performed using a reducing agent.

In certain embodiments, the reduction is performed in a
solvent. In certain embodiments, the solvent is an organic
solvent. In certain embodiments, the solvent is tetrahydrofu-
ran.
In certain embodiments, the reduction is performed at a
temperature ranging from about 0 to about 150° C.; from
about 10 to about 100° C., from about 15 to about 50° C. In
certain embodiments, the temperature is about 10, about 15,
about 20, about 25, about 30 about 35, about 40, about 45, or
about 50° C. In certain embodiments, the temperature is about
25° C. In certain embodiments, the temperature is room tem-
perature.

In certain embodiments, R is hydroxyl. In certain embodi-
ments, R' is —OR'“, wherein R'“ is a hydroxyl protecting
group. In certain embodiments, R*“ is C, 4 alkyl. In certain
embodiments, R'“ is methyl, ethyl, propyl, t-butyl, or benzyl.
In certain embodiments, R'“is methyl or isopropyl. In certain
embodiments, R'“ is methyl. In certain embodiments, R'¢ is
isopropyl. In certain embodiments, R* is hydroxyl, methoxy,
ethoxy, isopropoxy, t-butoxy, or benzyloxy. In certain
embodiments, R' is hydroxyl or isopropoxy. In certain
embodiments, R* is hydroxyl. In certain embodiments, R" is
1SOpropoxy.
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In certain embodiments, the compound of Formula I1I is
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-4-nitro-isoindole-1,
3-dione,  2-(2,6-dioxo-piperidin-3-yl)-6-hydroxy-4-nitro-
isoindole-1,3-dione, 2-(2,6-dioxo-piperidin-3-yl)-7-hy-
droxy-4-nitro-isoindole-1,3-dione, 2-(2,6-dioxo-piperidin-
3-yl)-5-methoxy-4-nitro-isoindole-1,3-dione, 2-(2,6-dioxo-
piperidin-3-yl)-6-methoxy-4-nitro-isoindole-1,3-dione, or
2-(2,6-dioxo-piperidin-3-yl)-7-methoxy-4-nitro-isoindole-
1,3-dione; or an enantiomer or a mixture of enantiomers
thereof.

In certain embodiments, the compound of Formula I1I is
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-4-nitro-isoindole-1,
3-dione,  2-(2,6-dioxo-piperidin-3-yl)-6-hydroxy-4-nitro-
isoindole-1,3-dione, or 2-(2,6-dioxo-piperidin-3-yl)-7-hy-
droxy-4-nitro-isoindole-1,3-dione; or an enantiomer or a
mixture of enantiomers thereof. In certain embodiments, the
compound of Formula 111 is 2-(2,6-dioxo-piperidin-3-yl)-5-
hydroxy-4-nitro-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof. In certain embodiments, the
compound of Formula 111 is 2-(2,6-dioxo-piperidin-3-y1)-6-
hydroxy-4-nitro-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof. In certain embodiments, the
compound of Formula 111 is 2-(2,6-dioxo-piperidin-3-yl)-7-
hydroxy-4-nitro-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof.

In certain embodiments, the compound of Formula I1I is
2-(2,6-dioxo-piperidin-3-yl)-5-methoxy-4-nitro-isoindole-
1,3-dione, 2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-4-nitro-
isoindole-1,3-dione, or 2-(2,6-dioxo-piperidin-3-yl)-7-meth-
oxy-4-nitro-isoindole-1,3-dione; or an enantiomer or a
mixture of enantiomers thereof. In certain embodiments, the
compound of Formula 111 is 2-(2,6-dioxo-piperidin-3-yl)-5-
methoxy-4-nitro-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof. In certain embodiments, the
compound of Formula 111 is 2-(2,6-dioxo-piperidin-3-y1)-6-
methoxy-4-nitro-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof. In certain embodiments, the
compound of Formula 111 is 2-(2,6-dioxo-piperidin-3-yl)-7-
methoxy-4-nitro-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof.

In certain embodiments, the compound of Formula I is
4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-
1,3-dione, 4-amino-2-(2,6-dioxo-piperidin-3-y1)-6-hydroxy-
isoindole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-3-
y1)-7-hydroxy-isoindole-1,3-dione; or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-1,3-di-
one, or an enantiomer or a mixture of enantiomers thereof; or
a pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof. In certain embodiments, the compound of
Formula 1 is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hy-
droxy-isoindole-1,3-dione, or an enantiomer or a mixture of
enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-y1)-7-hydroxy-isoindole-1,3-dione, or an enanti-
omer or a mixture of enantiomers thereof, or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof.

In certain embodiments, the compound of Formula I is
4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-methoxy-isoindole-
1,3-dione, 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-meth-
oxy-isoindole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-
3-yl)-7-methoxy-isoindole-1,3-dione; or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
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acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-methoxy-isoindole-1,3-di-
one, or an enantiomer or a mixture of enantiomers thereof; or
a pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof. In certain embodiments, the compound of
Formula I is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-meth-
oxy-isoindole-1,3-dione, or an enantiomer or a mixture of
enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-yl)-7-methoxy-isoindole-1,3-dione, or an enanti-
omer or a mixture of enantiomers thereof, or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof.

In certain embodiments, when R* is a protected hydroxyl,
the process provided herein further comprises a step of
removing the hydroxyl protecting group to form hydroxyl. In
certain embodiments, the deprotection is performed with an
acid. In certain embodiments, the acid is a Lewis acid. In
certain embodiments, the acid is AICl;, AlBr;, BCl,, or BBr;.
In certain embodiments, the acid is BCl, or BBr;.

In one embodiment, the process provided herein for pre-
paring an isoindoline-1,3-dione compound of Formula I, or
an enantiomer or a mixture of enantiomers thereof; or a phar-
maceutically acceptable salt, solvate, hydrate, or polymorph
thereof; which comprises the step of reducing a compound of
Formula I1I with hydrogen in the presence of (i) a catalyst, in
one embodiment, Pd/C; in (ii) a solvent, in one embodiment,
THF; to form the compound of Formula I.

In another embodiment, the process provided herein is for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-
isoindoline-1,3-dione:

HO. NH

NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;

comprising the step of reducing 2-(2,6-dioxopiperidin-3-yl)-
6-hydroxy-4-nitroisoindoline-1,3-dione:

o O
HO NI
N 0
0
NO,

to form 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-
isoindoline-1,3-dione.

In yet another embodiment, the process provided herein for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-
isoindoline-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof, comprises the step of
reducing 2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-4-ni-
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troisoindoline-1,3-dione with hydrogen in the presence of (i)
a catalyst, in one embodiment, Pd/C; in (ii) a solvent, in one
embodiment, THF; to form 4-amino-2-(2,6-dioxopiperidin-
3-y1)-6-hydroxyisoindoline-1,3-dione.

In one embodiment, the process for preparing 4-amino-2-
(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-1,3-dione
further comprises a process for preparing 2-(2,6-dioxopiperi-
din-3-y1)-6-hydroxy-4-nitroisoindoline-1,3-dione, =~ which
comprises the steps of (i) coupling 6-isopropoxy-4-ni-
troisobenzofuran-1,3-dione with 3-aminopiperidine-2,6-di-
one to form 2-(2,6-dioxopiperidin-3-yl)-6-isopropoxy-4-ni-
troisoindoline-1,3-dione; and (ii) deprotecting 2-(2,6-
dioxopiperidin-3-yl)-6-isopropoxy-4-nitroisoindoline-1,3-
dione, in one embodiment, in the presence of BCl;, to form
2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-4-nitroisoindoline-1,
3-dione; wherein the isopropyl group functions as a hydroxyl
group. Thus, other suitable hydroxyl protecting can also be
employed in the place of the isopropyl group. In certain
embodiments, the hydroxyl protecting group is methyl, ethyl,
isopropyl, benzyl, or a silyl group. In certain embodiments,
the hydroxyl protecting group is methyl, ethyl, isopropyl, or
benzyl. In certain embodiments, the hydroxyl protecting
group is methyl or isopropyl. In certain embodiments, the
hydroxyl protecting group is methyl. In certain embodiments,
the hydroxyl protecting group is isopropyl.

In certain embodiments, the coupling reaction is per-
formed in a solvent. In certain embodiments, the solvent is an
organic solvent. In certain embodiments, the solvent is an
acid. In certain embodiments, the solvent is acetic acid.

In certain embodiments, the coupling reaction is per-
formed at an elevated temperature. In certain embodiments,
the temperature is ranging from about 30 to about 150° C.,
from about 50 to about 125° C., or from about 75 to about
125° C. In certain embodiments, the coupling temperature is
about 80, about 90, about 100, about 110, about 120° C. In
certain embodiments, the coupling temperature is about 100°
C.

In certain embodiments, the deprotection is performed in a
solvent. In certain embodiments, the solvent is an organic
solvent. In certain embodiments, the solvent is dichlo-
romethane.

In certain embodiments, the deprotection is performed at a
temperature ranging from about 0 to about 150° C.; from
about 10 to about 100° C., or from about 15 to about 50° C. In
certain embodiments, the temperature is about 10, about 15,
about 20, about 25, about 30, about 35, about 40, about 45, or
about 50° C. In certain embodiments, the temperature is about
25° C. In certain embodiments, the temperature is room tem-
perature.

In another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione further comprises a process for preparing 6-isopro-
poxy-4-nitroisobenzofuran-1,3-dione, which comprises the
step of reacting S-isopropoxy-3-nitrophthalic acid with a cou-
pling reagent to form 6-isopropoxy-4-nitroisobenzofuran-1,
3-dione; wherein the isopropyl group functions as a hydroxyl
group. Thus, other suitable hydroxyl protecting can also be
employed in the place of the isopropyl group. In certain
embodiments, the hydroxyl protecting group is methyl, ethyl,
isopropyl, benzyl, or a silyl group. In certain embodiments,
the hydroxyl protecting group is methyl, ethyl, isopropyl, or
benzyl. In certain embodiments, the hydroxyl protecting
group is methyl or isopropyl. In certain embodiments, the
hydroxyl protecting group is methyl. In certain embodiments,
the hydroxyl protecting group is isopropyl.
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In certain embodiments, the coupling reagent is an anhy-
dride. In certain embodiments, the coupling reagent is acetic
anhydride. In certain embodiments, the coupling reagent is
CDI or EDCIL.

In certain embodiments, the cyclization reaction is per-
formed in a solvent. In certain embodiments, the solvent is an
organic solvent. In certain embodiments, the solvent is acetic
anhydride.

In certain embodiments, the cyclization reaction is per-
formed at an elevated temperature. In certain embodiments,
the reaction temperature is ranging from about 50 to about
200° C., from about 75 to about 150° C., or about 100 to about
150° C. In certain embodiments, the reaction temperature is
about 100, about 110, about 120, about 130, about 140, or
about 150° C. In certain embodiments, the reaction tempera-
ture is about 130° C.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione further comprises a process for preparing 5-isopro-
poxy-3-nitrophthalic acid, which comprises the step of react-
ing methyl 5-isopropoxy-2-methyl-3-nitrobenzoate with an
oxidant to form 5-isopropoxy-3-nitrophthalic acid; wherein
the methyl group on the carboxy group functions as a car-
boxyl protecting group, and the isopropyl group functions as
a hydroxyl group. Thus, other suitable carboxyl protecting
groups can also be employed in the place of the methyl group.
In certain embodiments, the carboxyl protecting group is
methyl, ethyl, tert-butyl, phenyl, or benzyl. In certain
embodiments, the carboxyl protecting group is methyl. Other
suitable hydroxyl protecting can also be employed in the
place of the isopropyl group. In certain embodiments, the
hydroxyl protecting group is methyl, ethyl, isopropyl, benzyl,
or a silyl group. In certain embodiments, the hydroxyl pro-
tecting group is methyl, ethyl, isopropyl, or benzyl. In certain
embodiments, the hydroxyl protecting group is methyl or
isopropyl. In certain embodiments, the hydroxyl protecting
group is methyl. In certain embodiments, the hydroxyl pro-
tecting group is isopropyl.

In certain embodiments, the oxidant is KMnO,.

In certain embodiments, the oxidation is performed in the
presence of a base. In certain embodiments, the base is an
inorganic base. In certain embodiments, the base is sodium
hydroxide or potassium hydroxide. In certain embodiments,
the base is sodium hydroxide. In certain embodiments, the
base is an organic base.

In certain embodiments, the oxidation is performed in a
solvent. In certain embodiments, the solvent is an inorganic
solvent. In certain embodiments, the solvent is water. In cer-
tain embodiments, the solvent is an organic solvent.

In certain embodiments, the oxidation is performed at an
elevated temperature. In certain embodiments, the tempera-
ture is ranging from about 50 to about 200° C., about 50 to
about 150° C., or about 75 to about 125° C. In certain embodi-
ments, the reaction temperature is about 80, about 90, about
100, about 110, or about 120° C. In certain embodiments, the
reaction temperature is about 100° C.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione further comprises a process for preparing methyl
S-isopropoxy-2-methyl-3-nitrobenzoate, which comprises
the steps of (i) reacting a 5-borylated methyl 2-methyl-3-
nitrobenzoate, in one embodiment, methyl 2-methyl-3-nitro-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate,
with an oxidant to form methyl 5-hydroxy-2-methyl-3-ni-
trobenzoate; and (ii) reacting methyl 5-hydroxy-2-methyl-3-
nitrobenzoate with 2-iodopropane in the presence of a base to
form  methyl 5-isopropoxy-2-methyl-3-nitrobenzoate,
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wherein the isopropyl group functions as a hydroxyl group.
Thus, other suitable hydroxyl protecting can also be
employed in the place of the isopropyl group. In certain
embodiments, the hydroxyl protecting group is methyl, ethyl,
isopropyl, benzyl, or a silyl group. In certain embodiments,
the hydroxyl protecting group is methyl, ethyl, isopropyl, or
benzyl. In certain embodiments, the hydroxyl protecting
group is methyl or isopropyl. In certain embodiments, the
hydroxyl protecting group is methyl. In certain embodiments,
the hydroxyl protecting group is isopropyl.

In certain embodiments, the oxidant is OXONE®, hydro-
gen peroxide, or 3-chloroperoxybenzoic acid (mCPBA). In
certain embodiments, the oxidant is OXONE®

In certain embodiments, the oxidation is performed in a
solvent. In certain embodiments, the solvent is an organic
solvent. In certain embodiments, the solvent is acetone.

In certain embodiments, the oxidation is performed at a
temperature ranging from about 0 to about 150° C., from
about 10 to about 100° C., or from about 15 to about 50° C. In
certain embodiments, the temperature is about 10, about 20,
about 30, about 40, or about 50° C. In certain embodiments,
the temperature is about 25° C. In certain embodiments, the
temperature is room temperature.

In certain embodiments, the base used in the alkylation
reaction is an inorganic base. In certain embodiments, the
base is potassium carbonate. In certain embodiments, the
base used in the alkylation reaction is an organic base.

In certain embodiments, the alkylation is performed in a
solvent. In certain embodiments, the solvent is an organic
solvent. In certain embodiments, the solvent is acetonitrile.

In certain embodiments, the alkylation is performed at an
elevated temperature. In certain embodiments, the tempera-
ture is ranging from about 30 to about 150° C., from about 30
to about 100° C., or from about 30 to about 50° C. In certain
embodiments, the temperature is about 30, about 35, about
40, about 45, about 50, about 55, or about 60° C. In certain
embodiments, the temperature is about 45° C.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione further comprises a process for preparing a 5-bo-
rylated methyl 2-methyl-3-nitrobenzoate, in one embodi-
ment, methyl 2-methyl-3-nitro-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate, which comprises the step of
reacting methyl 5-bromo-2-methyl-3-nitrobenzoate with a
borylation reagent to form the 5-borylated methyl 2-methyl-
3-nitrobenzoate.

In certain embodiments, the borylation reagent is bis(pina-
colato)diboron, bis(hexylene glycolato)diboron, bis(catecho-
lato)diboron, bis(neopentyl glycolato)diboron, 4,6,6-trim-
ethyl-1,3,2-dioxaborinane, 4,4.5,5-tetramethyl-1,3,2-
dioxaborolane, or catecholborane. In certain embodiments,
the borylation reagent is bis(pinacolato)diboron.

In certain embodiments, the borylation is performed in the
presence of a catalyst. In certain embodiments, the catalyst is
a heterogeneous hydrogenation catalyst. In certain embodi-
ments, the catalyst is a homogeneous hydrogenation catalyst.
In certain embodiments, the homogeneous catalyst is an iri-
dium-based catalyst. In certain embodiments, the homoge-
neous catalyst is a palladium-based catalyst. In certain
embodiments, the catalyst is Pd(dppf)Cl,. In certain embodi-
ments, the homogeneous catalyst is a platinum-based cata-
lyst. In certain embodiments, the homogeneous catalyst is a
rhodium-based catalyst. In certain embodiments, the catalyst
is a palladium-based catalyst.

In certain embodiments, the borylation is performed in the
presence of a base. In certain embodiments, the base is an
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inorganic base. In certain embodiments, the base is an organic
base. In certain embodiments, the base is potassium acetate.

In certain embodiments, the borylation is performed in a
solvent. Irl certain embodiments, the solvent is an organic
solvent. In certain embodiments, the solvent is dioxane.

In certain embodiments, the borylation is performed at an
elevated temperature. In certain embodiments, the tempera-
ture is ranging from about 30 to about 200° C., from about 50
to about 150° C., or from about 75 to about 125° C. In certain
embodiments, the temperature is about 80, about 90, about
100, about 110, or about 120° C. In certain embodiments, the
temperature is about 100° C.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione further comprises a process for preparing methyl
5-bromo-2-methyl-3-nitrobenzoate, which comprises the
steps of (i) reacting 2-methyl-3-nitrobenzoic acid with a bro-
mination reagent to form 5-bromo-2-methyl-3-nitrobenzoic
acid; and (ii) reacting S-bromo-2-methyl-3-nitrobenzoic acid
with methanol to form methyl 5-bromo-2-methyl-3-nitroben-
zoate; wherein the methyl group functions a carboxyl protect-
ing group. Thus, other suitable carboxyl protecting groups
can also be employed in the place of the methyl group. In
certain embodiments, the carboxyl protecting group is
methyl, ethyl, tert-butyl, phenyl, or benzyl. In certain
embodiments, the carboxyl protecting group is methyl, ethyl,
phenyl, or benzyl. In certain embodiments, the carboxyl pro-
tecting group is methyl.

In certain embodiments, the bromination reagent is bro-
mine, N-bromosuccinimide (NBS), or 1,3-dibromo-5,5-dim-
ethylhydantoin (DBDMH). In certain embodiments, the bro-
mination reagent is DBDMH.

In certain embodiments, the bromination is performed in a
solvent. In certain embodiments, the solvent is an inorganic
solvent. In certain embodiments, the solvent is sulfuric acid.
In certain embodiments, the solvent is an organic solvent.

In certain embodiments, the bromination is performed at a
temperature ranging from about 0 to about 150° C., from
about 10 to about 100° C., or from about 15 to about 50° C.In
certain embodiments, the temperature is about 10, about 20,
about 30, about 40, or about 50° C. In certain embodiments,
the temperature is about 25° C. In certain embodiments, the
temperature is room temperature.

In certain embodiments, the carboxyl protection is per-
formed in the presence of a coupling reagent. In certain
embodiments, the coupling reagent is SOCI,, POCI;, or
EDCI. In certain embodiments, the coupling reagent is
SOCl,. In certain embodiments, the coupling reagent is PCl.,
COCl,, or C,0,Cl, (oxalyl chloride).

In certain embodiments, the carboxyl protection is per-
formed at an elevated temperature. In certain embodiments,
the temperature is ranging from about 30 to about 150° C.,
about 40 to about 100° C., or about 50 to about 105° C. In
certain embodiments, the reaction temperature is about 40,
about 50, about 60, about 65, about 70, about 80, or about 90°
C. In certain embodiments, the reaction temperature is about
65° C.

Inyet another embodiment, provided herein is a process for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-
isoindoline-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof; comprising the steps of:

(1) reacting 2-methyl-3-nitrobenzoic acid with a bromina-
tion reagent to form 5-bromo-2-methyl-3-nitrobenzoic acid;

(ii) protecting S5-bromo-2-methyl-3-nitrobenzoic acid to
form a carboxyl protected 5-bromo-2-methyl-3-nitrobenzoic
acid;

5

10

15

20

25

30

35

40

45

50

55

60

65

28

(iii) reacting the carboxyl protected 5-bromo-2-methyl-3-
nitrobenzoic acid with a borylation reagent to form a carboxyl
protected 5-borylated-2-methyl-3-nitrobenzoic acid;

(iv) reacting the carboxyl protected 5-borylated-2-methyl-
3-nitrobenzoic acid with an oxidant to form a carboxyl pro-
tected 5-hydroxy-2-methyl-3-nitrobenzoic acid;

(v) protecting the carboxyl protected 5-hydroxy-2-methyl-
3-nitrobenzoic acid to form a carboxyl protected 5-protected
hydroxy-2-methyl-3-nitrobenzoic acid;

(vi) reacting the carboxyl protected S-protected hydroxy-
2-methyl-3-nitrobenzoic acid with an oxidant to form a
S-protected hydroxyl-3-nitrophthalic acid;

(vii) reacting the S-protected hydroxyl-3-nitrophthalic
acid with a coupling reagent to form a 6-protected hydroxyl-
4-nitroisobenzofuran-1,3-dione;

(viii) reacting the 6-protected hydroxyl-4-nitroisobenzofu-
ran-1,3-dione with 3-aminopiperidine-2,6-dione to form a
2-(2,6-dioxopiperidin-3-yl)-6-protected hydroxyl-4-ni-
troisoindoline-1,3-dione;

(ix) deprotecting the 2-(2,6-dioxopiperidin-3-yl)-6-pro-
tected hydroxyl-4-nitroisoindoline-1,3-dione to form 2-(2,6-
dioxopiperidin-3-yl)-6-hydroxy-4-nitroisoindoline-1,3-di-
one; and

(%) reducing 2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-4-ni-
troisoindoline-1,3-dione to form 4-amino-2-(2,6-dioxopip-
eridin-3-yl)-6-hydroxyisoindoline-1,3-dione.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione comprises the steps of:

(1) reacting 2-methyl-3-nitrobenzoic acid with a bromina-
tion reagent, in one embodiment, 1,3-dibromo-5,5-dimethyl-
hydantoin, to form 5-bromo-2-methyl-3-nitrobenzoic acid;

(i) reacting 5-bromo-2-methyl-3-nitrobenzoic acid with
methanol to form methyl 5-bromo-2-methyl-3-nitroben-
zoate;

(ii1) reacting methyl 5-bromo-2-methyl-3-nitrobenzoate
with a borylation reagent to form methyl 5-borylated-2-me-
thyl-3-nitrobenzoate;

(iv) reacting methyl S5-borylated-2-methyl-3-nitroben-
zoate with an oxidant, in one embodiment, OXONE®, to
form methyl 5-hydroxy-2-methyl-3-nitrobenzoate;

(v) reacting methyl 5-hydroxy-2-methyl-3-nitrobenzoate
with 2-iodopropane in the presence of a base to form methyl
S-isopropoxy-2-methyl-3-nitrobenzoate;

(vi) reacting methyl S-isopropoxy-2-methyl-3-nitroben-
zoate with an oxidant, in one embodiment, KMnO,,, to form
S-isopropoxy-3-nitrophthalic acid;

(vil) reacting S-isopropoxy-3-nitrophthalic acid with a
coupling reagent, in one embodiment, acetic anhydride, to
form 6-isopropoxy-4-nitroisobenzofuran-1,3-dione;

(viil) reacting 6-isopropoxy-4-nitroisobenzofuran-1,3-di-
one with 3-aminopiperidine-2,6-dione to form 2-(2,6-diox-
opiperidin-3-y1)-6-isopropoxy-4-nitroisoindoline-1,3-dione;

(ix) deprotecting 2-(2,6-dioxopiperidin-3-yl)-6-isopro-
poxy-4-nitroisoindoline-1,3-dione, in one embodiment, with
BCl;, to form 2-(2,6-dioxopiperidin-3-y1)-6-hydroxy-4-ni-
troisoindoline-1,3-dione; and

(%) reducing 2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-4-ni-
troisoindoline-1,3-dione to form 4-amino-2-(2,6-dioxopip-
eridin-3-yl)-6-hydroxyisoindoline-1,3-dione.

In still another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione comprises the steps of:

(1) reacting 2-methyl-3-nitrobenzoic acid with a bromina-
tion reagent, in one embodiment, 1,3-dibromo-5,5-dimethyl-
hydantoin, to form 5-bromo-2-methyl-3-nitrobenzoic acid;
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(ii) reacting S5-bromo-2-methyl-3-nitrobenzoic acid with
methanol to form methyl 5-bromo-2-methyl-3-nitroben-
zoate;

(iii) reacting methyl 5-bromo-2-methyl-3-nitrobenzoate
with bis(pinacolato)diboron to form methyl 2-methyl-3-ni-
tro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ben-
zoate;

(iv) reacting methyl 2-methyl-3-nitro-5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)benzoate with an oxidant, in
one embodiment, OXONE®, to form methyl 5-hydroxy-2-
methyl-3-nitrobenzoate;

(v) reacting methyl 5-hydroxy-2-methyl-3-nitrobenzoate
with 2-iodopropane in the presence of a base to form methyl
S-isopropoxy-2-methyl-3-nitrobenzoate;

(vi) reacting methyl 5-isopropoxy-2-methyl-3-nitroben-
zoate with an oxidant, in one embodiment, KMnO,, to form
S-isopropoxy-3-nitrophthalic acid;

(vil) reacting S-isopropoxy-3-nitrophthalic acid with a
coupling reagent, in one embodiment, acetic anhydride, to
form 6-isopropoxy-4-nitroisobenzofuran-1,3-dione;

(viil) reacting 6-isopropoxy-4-nitroisobenzotfuran-1,3-di-
one with 3-aminopiperidine-2,6-dione to form 2-(2,6-diox-
opiperidin-3-yl)-6-isopropoxy-4-nitroisoindoline-1,3-dione;

(ix) deprotecting 2-(2,6-dioxopiperidin-3-yl)-6-isopro-
poxy-4-nitroisoindoline-1,3-dione, in one embodiment, with
BCl;, to form 2-(2,6-dioxopiperidin-3-y1)-6-hydroxy-4-ni-
troisoindoline-1,3-dione; and

(x) reducing 2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-4-ni-
troisoindoline-1,3-dione to form 4-amino-2-(2,6-dioxopip-
eridin-3-yl)-6-hydroxyisoindoline-1,3-dione.

In yet another embodiment, the process provided herein is
for preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hy-
droxyisoindoline-1,3-dione:

e
NH
N 0
HO
0
NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;
comprising the steps of:

(1) reducing 2-(2,6-dioxopiperidin-3-yl)-5-methoxy-4-ni-
troisoindoline-1,3-dione:

o O
NH
N 0
\ o
0
NH,

to form 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-methoxy-
isoindoline-1,3-dione; and

(ii) deprotecting 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-
methoxyisoindoline-1,3-dione, in one embodiment, with
BBr;, to form 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hy-
droxyisoindoline-1,3-dione.
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Inyetanother embodiment, the process provided herein for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxy-
isoindoline-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof; comprises the steps of (i)
reducing 2-(2,6-dioxopiperidin-3-yl)-5-methoxy-4-ni-
troisoindoline-1,3-dione with hydrogen in the presence of (a)
a catalyst, in one embodiment, Pd/C; in (b) a solvent, in one
embodiment, DMF; to form 4-amino-2-(2,6-dioxopiperidin-
3-yl)-5-methoxyisoindoline-1,3-dione; and (ii) reacting form
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-methoxyisoindo-
line-1,3-dione with BBr; to 4-amino-2-(2,6-dioxopiperidin-
3-y1)-5-hydroxyisoindoline-1,3-dione.

In one embodiment, the process for preparing 4-amino-2-
(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione
further comprises a process for preparing 2-(2,6-dioxopiperi-
din-3-yl)-5-methoxy-4-nitroisoindoline-1,3-dione, =~ which
comprises reacting 4-methoxy-3-nitro-phthalic acid with
3-aminopiperidine-2,6-dione, in one embodiment, in the
presence of a coupling reagent, to form 2-(2,6-dioxopiperi-
din-3-yl)-5-methoxy-4-nitroisoindoline-1,3-dione; wherein
the methyl group on the methoxy group functions as a
hydroxyl protecting group. Thus, other suitable hydroxyl pro-
tecting can also be employed in the place of the methyl group.
In certain embodiments, the hydroxyl protecting group is
methyl, ethyl, isopropyl, benzyl, or a silyl group. In certain
embodiments, the hydroxyl protecting group is methyl, ethyl,
isopropyl, or benzyl. In certain embodiments, the hydroxyl
protecting group is methyl or isopropyl. In certain embodi-
ments, the hydroxyl protecting group is methyl. In certain
embodiments, the hydroxyl protecting group is isopropyl.

In certain embodiments, the coupling reaction is per-
formed in the presence of a base. In certain embodiments, the
base is an organic base. In certain embodiments, the base is
triethylamine. In certain embodiments, the base is an inor-
ganic base.

In certain embodiments, the coupling reaction is per-
formed in the presence of a coupling reagent. In certain
embodiments, the coupling reagent is an anhydride. In certain
embodiments, the coupling reagent is acetic anhydride. In
certain embodiments, the coupling reagent is CDI or EDCIL.

In another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-
1,3-dione further comprises a process for preparing 4-meth-
oxy-3-nitro-phthalic acid, which comprises hydrolyzing
4-methoxy-3-nitro-phthalic acid dimethyl ester to form
4-methoxy-3-nitro-phthalic acid; wherein the methyl group
on the methoxy group functions as a hydroxyl protecting
group and the two methyl groups on the methyl ester groups
each function as a carboxyl protecting group. Thus, other
suitable hydroxyl and carboxyl protecting groups can be used
in the place of the methyl groups. In certain embodiments, the
hydroxyl protecting group is methyl, ethyl, isopropyl, benzyl,
or a silyl group. In certain embodiments, the hydroxyl pro-
tecting group is methyl, ethyl, isopropyl, or benzyl. In certain
embodiments, the hydroxyl protecting group is methyl or
isopropyl. In certain embodiments, the hydroxyl protecting
group is methyl. In certain embodiments, the hydroxyl pro-
tecting group is isopropyl. In certain embodiments, the car-
boxyl protecting groups are each independently methyl,
ethyl, tert-butyl, phenyl, or benzyl. In certain embodiments,
the carboxyl protecting groups are each independently
methyl, ethyl, phenyl, or benzyl. In certain embodiments, the
carboxyl protecting groups are methyl.

In certain embodiments, the hydrolysis is performed in
presence of a base. In certain embodiments, the base is an
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inorganic base. In certain embodiments, the base is sodium
hydroxide. In certain embodiments, the base is an organic
base.

In certain embodiments, the hydrolysis is performed in a
solvent. In certain embodiments, the solvent is an inorganic
solvent. In certain embodiments, the solvent is an organic
solvent. In certain embodiments, the solvent is a mixture of
water and methanol.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-
1,3-dione further comprises a process for preparing 4-meth-
oxy-3-nitro-phthalic acid dimethyl ester, which comprises (i)
oxidizing 2-methoxy-1-nitro-naphthalene with an oxidant, in
one embodiment, a mixture of RuO, and NalO,, to form
4-methoxy-3-nitro-phthalic acid; and (ii) reacting 4-meth-
oxy-3-nitro-phthalic acid with methyl iodide in the presence
of a base, in one embodiment, sodium bicarbonate, to form
4-methoxy-3-nitro-phthalic acid dimethy] ester; wherein the
methyl groups on the carboxyl groups each function as a
carboxyl protecting group. Thus, other suitable carboxyl pro-
tecting groups can also be used in the place of the methyl
groups. In certain embodiments, the carboxyl protecting
groups are each independently methyl, ethyl, tert-butyl, phe-
nyl, or benzyl. In certain embodiments, the carboxyl protect-
ing groups are each independently methyl, ethyl, phenyl, or
benzyl. In certain embodiments, the carboxyl protecting
groups are methyl.

In yet another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-
1,3-dione further comprises a process for preparing 2-meth-
oxy-1-nitro-naphthalene, which comprises the step of react-
ing 1-nitro-naphthalen-2-ol with methyl iodide, in one
embodiment, in the presence of a base, in another embodi-
ment, in the presence of potassium carbonate, to form
2-methoxy-1-nitro-naphthalene; wherein the methyl group
functions as a hydroxyl protecting group. Thus, other suitable
hydroxyl protecting groups canalso be used in the place of the
methyl group. In certain embodiments, the hydroxyl protect-
ing group is methyl, ethyl, isopropyl, benzyl, or a silyl group.
In certain embodiments, the hydroxyl protecting group is
methyl, ethyl, isopropyl, or benzyl. In certain embodiments,
the hydroxyl protecting group is methyl or isopropyl. In cer-
tain embodiments, the hydroxyl protecting group is methyl.
In certain embodiments, the hydroxyl protecting group is
isopropyl.

Inyet another embodiment, provided herein is a process for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hydroxy-
isoindoline-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof; comprising the steps of:

(1) protecting 1-nitro-naphthalen-2-ol to form 2-protected
hydroxyl-1-nitro-naphthalene;

(ii) oxidizing 2-protected hydroxyl-1-nitro-naphthalene
with an oxidant to form 4-protected hydroxyl-3-nitro-ph-
thalic acid;

(iii) reacting 4-protected hydroxyl-3-nitro-phthalic acid
with 3-aminopiperidine-2,6-dione to form 2-(2,6-dioxopip-
eridin-3-yl)-5-protected hydroxyl-4-nitroisoindoline-1,3-di-
one;

(iv) reducing 2-(2,6-dioxopiperidin-3-yl)-5-protected
hydroxyl-4-nitroisoindoline-1,3-dione to form 4-amino-2-(2,
6-dioxopiperidin-3-yl)-5-protected hydroxyl-isoindoline-1,
3-dione; and

(v) deprotecting 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-
protected hydroxyl-isoindoline-1,3-dione, in one embodi-
ment, by reacting with BBr;, to 4-amino-2-(2,6-dioxopiperi-
din-3-yl)-5-hydroxyisoindoline-1,3-dione.
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In still another embodiment, provided herein is a process
for preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-hy-
droxyisoindoline-1,3-dione, or an enantiomer or a mixture of
enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof, comprising the steps
of:

(1) reacting 1-nitro-naphthalen-2-ol with methyl iodide, in
one embodiment, in the presence of a base, in another
embodiment, in the presence of potassium carbonate, to form
2-methoxy-1-nitro-naphthalene;

(i1) oxidizing 2-methoxy-1-nitro-naphthalene with an oxi-
dant, in one embodiment, a mixture of RuO, and NalO,, to
form 4-methoxy-3-nitro-phthalic acid;

(iii) reacting 4-methoxy-3-nitro-phthalic acid with 3-ami-
nopiperidine-2,6-dione, in one embodiment, in the presence
of'a coupling reagent, to form 2-(2,6-dioxopiperidin-3-yl)-5-
methoxy-4-nitroisoindoline-1,3-dione;

(iv) reducing 2-(2,6-dioxopiperidin-3-yl)-5-methoxy-4-
nitroisoindoline-1,3-dione to form 4-amino-2-(2,6-dioxopip-
eridin-3-yl)-5-methoxyisoindoline-1,3-dione; and

(v) deprotecting 4-amino-2-(2,6-dioxopiperidin-3-yl)-5-
methoxyisoindoline-1,3-dione, in one embodiment, by react-
ing with BBr;, to 4-amino-2-(2,6-dioxopiperidin-3-y1)-5-hy-
droxyisoindoline-1,3-dione.

In still another embodiment, provided herein is a process
for preparing an isoindoline-1,3-dione compound of Formula

08)
o O
NH
7Y
R! T N 0
/
e}
NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof;

comprising the step of converting the carboxyl group of a
compound of Formula IV:

av)

o O
NH
7
Rl—l N 0
/
CO,H

to an amino group, thus to form the compound of Formula I;
wherein R' is hydrogen, hydroxyl, or —OR'%; and R'® is a
hydroxyl protecting group.

In certain embodiments, the carboxyl-to-amino conversion
is performed via the Schmidt rearrangement. In certain
embodiments, the carboxyl-to-amino conversion is per-
formed via the Curtius rearrangement. In certain embodi-
ments, the Curtius rearrangement is performed with an azide
compound. In certain embodiments, the azide compound is
diphenylphosphoryl azide (DPPA).

In certain embodiments, the carboxyl-to-amino conversion
is performed in the presence of a base. In certain embodi-
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ments, the base is an inorganic base. In certain embodiments,
the base is an organic base. In certain embodiments, the base
is triethylamine.

In certain embodiments, R' is hydrogen. In certain embodi-
ments, R* is hydroxyl. In certain embodiments, R* is—OR 4,
wherein R'® is a hydroxyl protecting group. In certain
embodiments, R'? is C,_ alkyl. In certain embodiments, R*®
is methyl, ethyl, propyl, or t-butyl. In certain embodiments,
R is methyl or isopropyl. In certain embodiments, R is
methyl. In certain embodiments, R'“ is isopropyl. In certain
embodiments, R* is hydrogen, hydroxyl, methoxy, ethoxy, or
isopropoxy. In certain embodiments, R' is hydrogen,
hydroxyl, or isopropoxy. In certain embodiments, R' is
hydroxyl or isopropoxy. In certain embodiments, R' is
hydroxyl. In certain embodiments, R* is isopropoxy.

In certain embodiments, the compound of Formula 1V is
2-(2,6-dioxo-piperidin-3-yl)-1,3-dioxo-2,3-dihydro-1H-
isoindole-4-carboxylic acid, 2-(2,6-dioxo-piperidin-3-yl)-5-
methoxy-1,3-dioxo-2,3-dihydro-1H-isoindole-4-carboxylic
acid, 2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-1,3-dioxo-2,
3-dihydro-1H-isoindole-4-carboxylic acid, or 2-(2,6-dioxo-
piperidin-3-yl)-7-methoxy-1,3-dioxo-2,3-dihydro-1H-isoin-
dole-4-carboxylic acid; or an enantiomer or a mixture of
enantiomers thereof. In certain embodiments, the compound
of Formula IV is 2-(2,6-dioxo-piperidin-3-yl)-5-methoxy-1,
3-dioxo-2,3-dihydro-1H-isoindole-4-carboxylic acid, 2-(2,
6-dioxo-piperidin-3-yl)-6-methoxy-1,3-dioxo-2,3-dihydro-
1H-isoindole-4-carboxylic acid, or 2-(2,6-dioxo-piperidin-3-
y1)-7-methoxy-1,3-dioxo-2,3-dihydro-1H-isoindole-4-
carboxylic acid; or an enantiomer or a mixture of enantiomers
thereof. In certain embodiments, the compound of Formula
IV is 2-(2,6-dioxo-piperidin-3-yl)-1,3-dioxo-2,3-dihydro-
1H-isoindole-4-carboxylic acid, or an enantiomer or a mix-
ture of enantiomers thereof. In certain embodiments, the
compound of Formula IV is 2-(2,6-dioxo-piperidin-3-yl)-5-
methoxy-1,3-dioxo-2,3-dihydro-1H-isoindole-4-carboxylic
acid, or an enantiomer or a mixture of enantiomers thereof. In
certain embodiments, the compound of Formula IV is 2-(2,
6-dioxo-piperidin-3-yl)-6-methoxy-1,3-dioxo-2,3-dihydro-
1H-isoindole-4-carboxylic acid, or an enantiomer or a mix-
ture of enantiomers thereof. In certain embodiments, the
compound of Formula IV is 2-(2,6-dioxo-piperidin-3-yl)-7-
methoxy-1,3-dioxo-2,3-dihydro-1H-isoindole-4-carboxylic
acid, or an enantiomer or a mixture of enantiomers thereof.

In certain embodiments, the compound of Formula I is
4-amino-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione,
4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-
1,3-dione, 4-amino-2-(2,6-dioxo-piperidin-3-y1)-6-hydroxy-
isoindole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-3-
y1)-7-hydroxy-isoindole-1,3-dione; or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-1,3-di-
one, 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hydroxy-isoin-
dole-1,3-dione, or 4-amino-2-(2,6-dioxo-piperidin-3-yl)-7-
hydroxy-isoindole-1,3-dione; or an enantiomer or a mixture
of'enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-yl)-isoindole-1,3-dione, or an enantiomer or a
mixture of enantiomers thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or polymorph thereof. In
certain embodiments, the compound of Formula I is 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-isoindole-1,3-di-
one, or an enantiomer or a mixture of enantiomers thereof; or
a pharmaceutically acceptable salt, solvate, hydrate, or poly-
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morph thereof. In certain embodiments, the compound of
Formula 1 is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hy-
droxy-isoindole-1,3-dione, or an enantiomer or a mixture of
enantiomers thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or polymorph thereof. In certain embodi-
ments, the compound of Formula I is 4-amino-2-(2,6-dioxo-
piperidin-3-y1)-7-hydroxy-isoindole-1,3-dione, or an enanti-
omer or a mixture of enantiomers thereof, or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof.

In certain embodiments, when R* is a protected hydroxyl,
the process provided herein further comprises a step of
removing the hydroxyl protecting group to form hydroxyl. In
certain embodiments, the deprotection is performed with an
acid. In certain embodiments, the acid is a Lewis acid. In
certain embodiments, the acid is AICl;, AlBr;, BCl,, or BBr;.
In certain embodiments, the acid is BCl; or BBr;.

In one embodiment, the process provided herein is for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-
isoindoline-1,3-dione:

HO NH

NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or poly-
morph thereof, comprising the steps of:

(1) converting 2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-1,
3-dioxo0-2,3-dihydro-1H-isoindole-4-carboxylic acid:

[e] O,
O
P NH
N (6]
(6]
COH
to  4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-isoin-

dole-1,3-dione:

NH,

in one embodiment, via the Curtius rearrangement, in another
embodiment, by reacting with an azide compound, in yet
another embodiment, by reacting with DPPA; and

(i1) deprotecting 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-
methoxy-isoindole-1,3-dione, in one embodiment, with
BBr;, to form 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hy-
droxyisoindoline-1,3-dione.

In another embodiment, the process provided herein is for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-
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isoindoline-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt, sol-
vate, hydrate, or polymorph thereof; comprising the steps of:

(1) reacting 2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-1,3-
dioxo0-2,3-dihydro-1H-isoindole-4-carboxylic acid with (a)
an azide compound, in one embodiment, DPPA; in the pres-
ence of (b) a base, in one embodiment, an organic base, in
another embodiment, triethylamine; to form 4-amino-2-(2,6-
dioxo-piperidin-3-yl)-6-methoxy-isoindole-1,3-dione; and

(ii) reacting 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-
methoxy-isoindole-1,3-dione with a deprotecting reagent, in
one embodiment, BBr;, to form 4-amino-2-(2,6-dioxopiperi-
din-3-yl)-6-hydroxyisoindoline-1,3-dione.

In one embodiment, the process for preparing 4-amino-2-
(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-1,3-dione
further comprises a process for preparing 2-(2,6-dioxo-pip-
eridin-3-yl)-6-methoxy-1,3-dioxo-2,3-dihydro-1H-isoin-
dole-4-carboxylic acid, which comprises the step of reacting
5-methoxy-benzene-1,2,3-tricarboxylic acid with 3-ami-
nopiperidine-2,6-dione to form 2-(2,6-dioxo-piperidin-3-yl)-
6-methoxy-1,3-dioxo-2,3-dihydro-1H-isoindole-4-carboxy-
lic acid; wherein the methyl group functions as a hydroxyl
protecting group. Thus, other suitable hydroxyl protecting
groups can also be used in the place of the methyl group. In
certain embodiments, the hydroxyl protecting group is
methyl, ethyl, isopropyl, benzyl, or a silyl group. In certain
embodiments, the hydroxyl protecting group is methyl, ethyl,
isopropyl, or benzyl. In certain embodiments, the hydroxyl
protecting group is methyl or isopropyl. In certain embodi-
ments, the hydroxyl protecting group is methyl. In certain
embodiments, the hydroxyl protecting group is isopropyl.

In certain embodiments, the coupling reaction (i.e., the
reaction of 5-methoxy-benzene-1,2,3-tricarboxylic acid with
3-aminopiperidine-2,6-dione) is performed in the presence of
a coupling reagent. In certain embodiments, the coupling
reagent is an anhydride. In certain embodiments, the coupling
reagent is acetic anhydride. In certain embodiments, the cou-
pling reagent is CDI or EDCI.

In another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione further comprises a process for preparing 5-meth-
oxy-benzene-1,2,3-tricarboxylic acid, which comprises the
step of reacting 4-methoxy-2,6-dimethyl-benzaldehyde with
an oxidant, in one embodiment, KMnQO,, to form 5-methoxy-
benzene-1,2,3-tricarboxylic acid; wherein the methyl group
of the methoxy group functions as a hydroxyl protecting
group. Thus, other suitable hydroxyl protecting groups can
also be used in the place of the methyl group. In certain
embodiments, the hydroxyl protecting group is methyl, ethyl,
isopropyl, benzyl, or a silyl group. In certain embodiments,
the hydroxyl protecting group is methyl, ethyl, isopropyl, or
benzyl. In certain embodiments, the hydroxyl protecting
group is methyl or isopropyl. In certain embodiments, the
hydroxyl protecting group is methyl. In certain embodiments,
the hydroxyl protecting group is isopropyl.

In yet another embodiment, the process provided herein for
preparing 4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxy-
isoindoline-1,3-dione comprises the steps of:

(1) reacting 4-protected hydroxyl-2,6-dimethyl-benzalde-
hyde with an oxidant to form a 5-protected hydroxyl-ben-
zene-1,2,3-tricarboxylic acid;

(ii) reacting the S5-protected hydroxyl-benzene-1,2,3-tri-
carboxylic acid with 3-aminopiperidine-2,6-dione to form a
2-(2,6-dioxo-piperidin-3-yl)-6-protected  hydroxyl-1,3-di-
0x0-2,3-dihydro-1H-isoindole-4-carboxylic acid;

(iii) reacting the 2-(2,6-dioxo-piperidin-3-yl)-6-protected
hydroxyl-1,3-dioxo-2,3-dihydro-1H-isoindole-4-carboxylic
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acid with an azide compound to form a 4-amino-2-(2,6-di-
oxo-piperidin-3-yl)-6-protected hydroxyl-isoindole-1,3-di-
one; and

(iv) deprotecting the 4-amino-2-(2,6-dioxo-piperidin-3-
yD-6-protected  hydroxyl-isoindole-1,3-dione to form
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione.

In still another embodiment, the process for preparing
4-amino-2-(2,6-dioxopiperidin-3-yl)-6-hydroxyisoindoline-
1,3-dione comprises the steps of:

(1) reacting 4-methoxy-2,6-dimethyl-benzaldehyde with
an oxidant, in one embodiment, KMnO,, to form 5-methoxy-
benzene-1,2,3-tricarboxylic acid;

(i) reacting 5-methoxy-benzene-1,2,3-tricarboxylic acid
with 3-aminopiperidine-2,6-dione, in one embodiment, in the
presence of a coupling reagent, to form 2-(2,6-dioxo-piperi-
din-3-yl)-6-methoxy-1,3-dioxo-2,3-dihydro-1H-isoindole-
4-carboxylic acid;

(ii1) converting 2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-
1,3-diox0-2,3-dihydro-1H-isoindole-4-carboxylic acid to
4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-isoindole-
1,3-dione, in one embodiment, via the Curtius rearrangement,
in another embodiment, by reacting with an azide compound,
in yet another embodiment, with DPPA; and

(iv) reacting 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-
methoxy-isoindole-1,3-dione with a deprotecting reagent, in
one embodiment, BBr;, to form 4-amino-2-(2,6-dioxopiperi-
din-3-y1)-6-hydroxyisoindoline-1,3-dione.

VI. EXAMPLES

Certain embodiments are illustrated by the following non-
limiting examples.

Inthe examples below, unless otherwise indicated, all tem-
peratures are in Celsius and all parts and percentages are by
weight. Reagents may be purchased from commercial sup-
pliers, e.g., Sigma-Aldrich® Chemical Co., and may be used
without further purification unless otherwise indicated.
Reagents may also be prepared following standard literature
procedures known to those skilled in the art. Solvents may be
used as received or may be purified using standard methods
known to those skilled in the art, unless otherwise indicated.

Unless otherwise specified, the reactions set forth below
were done at ambient or room temperature. Reactions were
monitored with TLC, LCMS or HPLC, and terminated as
judged by the consumption of a starting material.

The compound structures and purities in the examples
below were confirmed by one or more of the following meth-
ods: proton nuclear magnetic resonance (‘H NMR) spectros-
copy, 1*C NMR spectroscopy, mass spectroscopy, infrared
spectroscopy, melting point, X-ray crystallography, and/or
HPLC. 'HNMR spectra were determined using a NMR spec-
trometer. Chemical shifts are reported in parts per million
(ppm, 8) downfield from a standard, e.g., an internal standard,
such as TMS. Alternatively, "H NMR spectra were referenced
to signals from residual proton(s) in a deuterated solvent as
follows: CDC1;=7.25 ppm; DMSO ;,=2.49 ppm; C,D=7.16
ppm; and CD;0D=3.30 ppm. Peak multiplicities are desig-
nated as follows: s, singlet; d, doublet; dd, doublet of dou-
blets; t, triplet; dt, doublet of triplets; q, quartet; br, broad-
ened; and m, multiplet. Coupling constants are given in Hertz
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(Hz). Mass spectra (MS) data were obtained using a mass
spectrometer with APCI or ESI ionization.

Example 1

Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
5-hydroxyisoindoline-1,3-dione 1

NH

HO

NH,

The synthesis of compound 1 is exemplified in Scheme 1.

Preparation of dimethyl 4-hydroxyphthalate C1-2

To a solution of 4-hydroxyphthalic acid (20 g, 110 mmol)
in CH;OH (100 mL.) was added SOCl, (20 mL). The resulting
solution was stirred at 80° C. for 4 hrs. The volatile was
removed in vacuo to yield compound C1-2 as a white solid
(23 g, yield: 99%), which was used directly in the next step
without further purification. 'H NMR (CDCl,, 400 MHz) &:
7.77 (d, I=8.8 Hz, 1H), 7.03 (d, J=2 Hz, 1H), 6.95 (dd, I=8.4
and 2.0 Hz, 1H), 3.93 (s, 3H), 3.88 (s, 3H); MS (EST"): m/z
211(M+1).

Scheme 1
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HO
o
NaOH
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o O
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N 0
HO
o)
NH,

1

Preparation of dimethyl 4-hydroxy-3-nitrophthalate
C1-3

To a stirred solution of dimethyl 4-hydroxyphthalate C1-2
(21 g, 100 mmol) in H,SO, (100 mL) in an ice-water bath was
added HNO; (6.3 g) dropwise. The reaction mixture was then
stirred at room temperature for 2 hrs. LCMS showed that the
reaction was complete. The mixture was poured into ice-
water (300 mL). The solution was extracted with ethyl acetate
(500 mLx4). The combined organic layers were dried over
Na,SO,, filtered, and concentrated to yield a yellow solid
(26.4 g, yield: 95%), which contained compound C1-3 and
dimethyl 4-hydroxy-5-nitrophthalate) in a ratio of 6:4. The
mixture was used directly in the next step without further
purification. ‘H NMR (CD,OD, 400 MHz) &: (d, J=8.8 Hz,
1H), 7.18 (d, J=8.8 Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H); MS
(EST"): m/z 256 (M+1).

Preparation of dimethyl 3-amino-4-hydroxyphthalate
Cl-4

A mixture of the crude dimethyl 4-hydroxy-3-nitrophtha-
late C1-3 (25 g, 98 mmol) and Pd/C (1.0 g) in CH;OH (400
ml) was stirred at room temperature overnight under H,
atmosphere. LCMS showed that the reaction was complete.
The reaction mixture was filtered through a celite pad and the
filtrate was evaporated in vacuo. The residue was purified by
chromatography (silica gel, PE:EA (1:1, v:v)) to yield com-
pound C1-4 as a yellow solid (11.5 g, yield: 52%). 'H NMR
(DMSO-dg, 400 MHz) d: 10.45 (s, 1H), 6.89 (d, J=8 Hz, 1H),
6.37 (d, J=8 Hz, 1H), 5.19 (s, 2H), 3.75 (s, 3H), 3.72 (s, 3H);
MS (ESI*): m/z 226 (M+1).

Preparation of 3-amino-4-hydroxyphthalic acid C1-5

A solution of dimethyl 3-amino-4-hydroxyphthalate C1-4
(11.25 g, 50 mmol) and NaOH (14.0 g, 350 mmol) in ethanol
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(140 mL) and H,O (50 mL) was stirred at 70° C. overnight.
LCMS indicated that the reaction was complete. The reaction
mixture was concentrated in vacuo, neutralized to pH<3, and
filtered to yield 3-amino-4-hydroxyphthalic acid C1-5 as a
white solid (9.6 g, yield: 97%), which was used directly in the
next step without further purification.

Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
5-hydroxyisoindoline-1,3-dione 1

3-Aminopiperidine-2,6-dione hydrochloride (9.58 g, 58.4
mmol) was dissolved in triethylamine (TEA) (14.7 g) and the
mixture was stirred at room temperature for 4 hrs. HOAc (150
ml) and 3-amino-4-hydroxyphthalic acid C1-5 (9.6 g, 48.7
mmol) were added. The mixture was stirred at 120° C. for 20
mins. TEA was added until the white solid was dissolved
completely. The mixture was stirred at 120° C. for 2 hrs. After
cooling, the solution was extracted with ethyl acetate (500
ml.x4). The combined organic layers were dried over
Na,SO,, filtered, and concentrated to a dark solid. The dark
solid was washed with EA (300 mL) and dried to give com-
pound 1 as adark solid (7.2 g, yield: 51%). 'H NMR (DMSO-
ds, 400 MHz) 6: 11.05 (s, 1H), 10.82 (s, 1H), 6.98 (d, =8 Hz,
1H), 6.92 (d, J=7.6 Hz, 1H), 5.95 (s, 2H), 5.03-4.98 (m, 1H),
2.91-2.83 (m, 1H), 2.60-2.44 (m, 2H), 2.01-1.98 (m, 1H); MS
(EST*): m/z 290 (M+1); Elem. Anal. Calcd. for C,;H,;N;O4:

C, 53.98; H, 3.83; N, 14.53. Found: C, 53.67; H, 3.80; N,
14.44.
Example 2
Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
6-hydroxyisoindoline-1,3-dione 2
2
O
HO NI
N (6]
6]
NH,
The synthesis of compound 2 is exemplified in Scheme 2.
Preparation of 5-bromo-2-methyl-3-nitrobenzoic

acid C2-1

To a mixture of compound C2-0 (15 g, 82.8 mmol) in conc.
H,SO, (60 mL) in an ice-water bath was added 1,3-dibromo-
5,5-dimethylhydantoin (DBDMH) (13.4 g, 46.8 mmol) por-
tionwise over 30 mins. After the mixture was stirred at room
temperature overnight, the reaction mixture was added
slowly to ice-water (400 mL). The precipitation was collected
and dried to yield compound C2-1 as a white solid ((21.2 g,
yield: 98%), which was used directly in the next step without
further purification. MS (ESI7): m/z 257.9 and 259.9 (M-1).
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-continued

(6]
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N 0
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2

Preparation of methyl
5-bromo-2-methyl-3-nitrobenzoate C2-2

A mixture of 5-bromo-2-methyl-3-nitrobenzoic acid C2-1
(21.2 g, 81.5 mmol) in SOCI, (100 mL) was heated to reflux
until the mixture became clear (about 1.5 hrs). The reaction
mixture was cooled and concentrated in vacuo. The residue
was added portionwise to 250 mL. of MeOH. The resulting
mixture was stirred overnight under refluxing. The reaction
mixture was cooled and concentrated. The residue was dis-
solved in 300 mL of EA, washed sequentially with sat. aq.
NaHCO; and brine, dried over MgSO,, and concentrated.
The residue was purified by chromatography (silica gel,
PE:EA (20:1, v:v)) to yield compound C2-2 as a light yellow
solid (21.2 g, yield: 95%).

Preparation of methyl 2-methyl-3-nitro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate C2-3

A mixture of compound C2-2 (25.4 g, 92.5 mmol), bis
(pinacolato)diboron (B2pin2) (24.0 g, 93 mmol), KOAc (18.0
g, 185 mmol), and Pd(dppf)Cl, (1.0 g) in dioxane (250 mL)
was refluxed overnight under N, atmosphere. The reaction
mixture was then cooled and concentrated. The residue was
purified by chromatography (silica gel, PE:EA (5:1, v:v)) to
yield compound C2-3 as a mixture of boric acid and pinacol
ester (21.8 g), which was used directly in the next step without
further purification.
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Preparation of methyl
5-hydroxy-2-methyl-3-nitrobenzoate C2-4

To a solution of compound C2-3 (24.2 g, 68.5 mmol) in
acetone (250 mL) in an ice-water bath was added sat. aq.
OXONE® (100 mL) with vigorous stirring. The mixture was
stirred for another 1 hr at room temperature. The reaction was
then quenched with sat. aq. NaHSO,. The mixture was con-
centrated in vacuo and extracted with EA. The combined
organic layers were washed with brine, dried over MgSO,,
concentrated, and purified by reversed phase chromatography
to yield compound C2-4 as a grey-white solid (11.2 g, yield:
78%). "HNMR (CDCl,, 400 MHz) §: 7.42 (d, J=2.4 Hz, 1H),
7.37(d, J=2.4 Hz, 1H), 3.94 (s, 3H), 2.50 (s, 3H); MS (ESI*):
m/z 212 (M+1).

Preparation of methyl
S-isopropoxy-2-methyl-3-nitrobenzoate C2-5

To a solution of compound C2-4 (22.0 g, 100 mmol) in
CH,CN (300 mL) was added K,CO; (27.6 g, 200 mmol),
followed by addition of 2-iodopropane (15 mL, 120 mmol).
The mixture was then refluxed overnight. The mixture was
filtered, and the filtrate was concentrated and purified by
chromatography (silica gel, PE:EA (15:1, v:v)) to yield com-
pound C2-5 as a yellow o0il (22.5 g, yield: 89%). MS (ESI*):
m/z 254 (M+1).

Preparation of 5-isopropoxy-3-nitrophthalic acid
C2-6

To a solution of compound C2-5 (10.0 g, 50 mmol) in H,O
(100 mL) was added NaOH (6 g, 0.15 mol). The reaction was
heated until clear and KMnO, was added slowly in portions.
The reaction mixture was stirred at 100° C. for 2 hours. The
reaction mixture was stirred at 100° C. for 2 hrs. The mixture
was cooled and filtered. The filtrate was acidified to pH 4 and
extracted with EtOAc (100 m[.x3). The combined organic
layers were dried and concentrated to yield compound C2-6
(1.7 g, yield: 15%). MS (ESI*): m/z 269 (M+1).

Preparation of
6-isopropoxy-4-nitroisobenzofuran-1,3-dione C2-7

A mixture of compound C2-6 (1.7 g, 6.3 mmol) and acetic
anhydride (20 mL) was stirred at 130° C. for 2 hrs under N,
atmosphere. The reaction mixture was cooled and concen-
trated to provide compound C2-7 as an 0il (1.3 g, yield: 82%),
which was used directly in the next step without further
purification. MS (ESIT*): m/z 251 (M+1).

Preparation of 2-(2,6-dioxopiperidin-3-yl)-6-isopro-
poxy-4-nitroisoindoline-1,3-dione C2-8

To a solution of compound C2-7 (1.3 g, 5.1 mmol) in AcOH
(10 mL) was added 3-aminopiperidine-2,6-dione (0.66 g, 5.1
mmol). The reaction mixture was stirred at 100° C. for 4 hrs.
The mixture was then cooled and concentrated to give com-
pound C2-8 (1.0 g, yield: 54%). MS (ESI*): m/z 361 (M+1).

Preparation of 2-(2,6-dioxopiperidin-3-yl)-6-hy-
droxy-4-nitroisoindoline-1,3-dione C2-9

To a solution of compound C2-8 (1.0 g, 2.7 mmol) in DCM
(20 mL)) was added BCl; (27 mL, 27 mmol). The reaction
mixture was stirred at room temperature for 12 hrs. The
reaction was quenched by adding DCM (10 mL) and H,O (20
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mL). The organic layer was separated, filtered, and concen-
trated to yield compound C2-9 (0.7 g, yield: 81%). MS
(EST™): m/z 319 (M+1).

Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
6-hydroxyisoindoline-1,3-dione 2

A mixture of compound C2-9 (0.7 g, 2.2 mmol) and Pd/C
(70 mg) in THF (20 mL) was stirred in hydrogen atmosphere
at ambient pressure and 25° C. for 30 min. The mixture was
filtered through a plug of celite and washed with EtOAc (20
mL). The organic phase was dried, concentrated, and purified
by pre-HPLC (water (0.1% TFA): ACN) to yield compound 2
(0.3 g, yield: 47.0%, purity: >99%). 'H NMR (DMSO-d6,
300 MHz) 5: 11.05 (s, 1H), 10.58 (br, 1H), 6.42 (d, J=1.8 Hz,
1H), 6.35-6.31 (m, 3H), 4.97 (dd, J=12.6, 5.7 Hz, 1H), 2.87
(ddd, 7=19.2,13.8,5.1 Hz, 1H), 2.59-2.42 (m, 2H), 2.01-1.94
(m, 1H); MS (ESI+): m/z 290 (M+1).

Example 3
Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
7-hydroxyisoindoline-1,3-dione 3
3
OH o o
NH
N (6]
6]
NH,
The synthesis of compound 3 is exemplified in Scheme 3.
Scheme 3
O,
@COOH DPPA
/ —
C3-1
O,
D—NHBOC MeOOC —==—-C00Me
C3-2
(6]
OH CIHH,N.
NH
COOMe
(6]
COOMe
NHBoc
C3-3
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-continued
OH O (@)
NH
N O TFA
—_—
NHBoc
C3-4
OH O (@)
NH
N (@]
@]
NH,
3

Preparation of tert-butyl furan-2-ylcarbamate C3-2

A solution of furan-2-carboxylic acid (35.0 g, 312.2
mmol), triethylamine (86 mL, 624.5 mmol), and diphenyl
phosphorazidate (DPPA) (135 mL, 624.5 mmol) in tert-butyl
alcohol (400 mL) was refluxed overnight. The volatile was
removed in vacuo and the residue was purified by chroma-
tography (silica gel, PE to EA:PE (1:30, v:v)) to give com-
pound C,_, as a white solid (55.0 g, yield: 96%). 'H NMR
(DMSO-dg, 400 MHz) d: 1.43 (s, 9H), 5.91 (s, 1H), 6.37 (t,
J=2.6 Hz, 1H), 7.26 (s, 1H), 9.81 (s, 1H).

Preparation of dimethyl
3-(tert-butoxycarbonylamino)-6-hydroxyphthalate
C3-3

A solution of tert-butyl furan-2-ylcarbamate C3-2 (55.0 g,
300.2 mmol) and dimethyl but-2-ynedioate (73.5 mL, 600.4
mmol) in toluene (100 mL.) was heated at 45° C. for 4 hrs. The
solvent was removed in vacuo and the residue was purified by
chromatography (silica gel, PE to EA:PE (1:20, v:v)) to give
compound C,_, as alight yellow solid (36.1 g, yield: 37%). 'H
NMR (DMSO-d,, 400 MHz) &: 1.41 (s, 9H), 3.69 (s, 3H),
3.73 (s, 3H), 7.02 (d, I=8.8 Hz, 1H), 7.35 (d, I=9.2 Hz, 1H),
8.93 (s, 1H), 10.07 (s, 1H); MS (ESI+): m/z 238 (M-87).

Preparation of tert-butyl 2-(2,6-dioxopiperidin-3-yl)-
7-hydroxy-1,3-dioxoisoindolin-4-ylcarbamate C3-4

A solution of dimethyl 3-(tert-butoxycarbonylamino)-6-
hydroxyphthalate C3-3 (7.68 g, 23.6 mmol) and 3-aminopi-
peridine-2,6-dione hydrochloride (7.77 g, 47.2 mmol) in
pyridine (150 mL) was heated at 100° C. overnight. The
solvent was removed in vacuo and the residue was purified by
chromatography (silica gel, DCM:MeOH:PE) to give com-
pound C3-4 as a yellow solid (6.73 g, yield: 73%). "H NMR
(DMSO-dg, 400 MHz) 5: 1.47 (s, 9H), 1.98-2.02 (m, 1H),
2.54-2.60 (m, 2H), 2.83-2.92 (m, 1H), 5.04 (dd, J=13.0 and
5.4 Hz, 1H), 7.22 (d, J=8.8 Hz, 1H), 8.10 (d, J=9.2 Hz, 1H),
8.68 (s, 1H), 11.01 (s, 1H), 11.11 (s, 1H); MS (ESI+): m/z 412
(M+23).

Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
7-hydroxyisoindoline-1,3-dione 3

To a solution of 2-(2,6-dioxopiperidin-3-yl)-7-hydroxy-1,
3-dioxoisoindolin-4-ylcarbamate C;_, (6.73 g, 17.2 mmol) in
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DCM (200 mI) was added TFA (20 mL) slowly. The mixture
was stirred at room temperature overnight. Water (20 mL)
was added to quench the reaction. The mixture was extracted
with EA (100 m[.x3). The combined organic layers were
collected and dried over Na,SO,, filtered, and concentrated.
The residue was purified by chromatography (silica gel,
DCM:MeOH:PE) to give 4-amino-2-(2,6-dioxopiperidin-3-
y1)-7-hydroxyisoindoline-1,3-dione 3 as a yellow solid (4.05
g, yield: 81%). 'H NMR (DMSO 4, 400 MHz) : 1.95-1.98
(m, 1H), 2.52-2.58 (m, 2H), 2.83-2.92 (m, 1H), 4.98 (dd,
J=12.6,5.4Hz, 1H), 6.06 (s, 2H), 6.95 (d, I=8.8 Hz, 1H), 7.06
(d, I=9.2 Hz, 1H), 10.17 (s, 1H), 11.05 (s, 1H); MS (ESI+):
m/z 290 (M+1); Elem. Anal. Calcd. for C;H, N;05: C,
53.98; H, 3.83; N, 14.53. Found C, 53.96; H, 3.74; N, 14.45.

Example 4

Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
5-hydroxyisoindoline-1,3-dione 1

O

NH

HO

NH,

The synthesis of compound 1 is exemplified in Scheme 4.

Scheme 4
NO,
OH
Mel
—_—
K,CO;
Me,CO
C4-1

1. RuO4, NalOy, CCly
2. CH,I, NaHCO3, DMF

NO,
“/O\
C4-2
~ O/Qi
NO,

CO,CH;
NaOH

CO,CHs H,0
MeOH

C4-3
(@)
NH
H,N o}

CO.H
Nor ; :COZH
NO,

C4-4
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-continued
NH
N O m, pdC
—_—
~o DMF
0
NO,
C4-5
o O
NH
N O gpy
—_—
\O
0
NH,
C4-6
0 0
NH
N 0
HO
0
NO,

The reaction of 1-nitro-naphthalen-2-ol C4-1 with methyl
iodide in the presence of a base, e.g., potassium carbonate,
forms 2-methoxy-1-nitro-naphthalene C4-2. The oxidation
of compound C4-2 with an oxidant, e.g., a mixture of RuO,
and NalO,, followed by the reaction with methyliodide, leads
to the formation of 4-methoxy-3-nitro-phthalic acid dimethyl
ester C4-3. The hydrolysis of compound C4-3 leads to the
formation of 4-methoxy-3-nitro-phthalic acid C4-4. The cou-
pling of compound C4-4 with 3-aminopiperidine-2,6-dione
forms 2-(2,6-dioxo-piperidin-3-y1)-5-methoxy-4-nitro-
isoindole-1,3-dione C4-5. The reduction of compound C4-5
with a reducing agent, e.g., hydrogen, leads to the formation
of 4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-methoxy-isoin-
dole-1,3-dione C4-6. The deprotection of the hydroxyl pro-
tecting group (Me) of compound C4-6 with a deprotecting
agent, e.g., BBr;, leads to the formation of 4-amino-2-(2,6-
dioxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione 1.

Example 5

Preparation of 4-amino-2-(2,6-dioxopiperidin-3-yl)-
6-hydroxyisoindoline-1,3-dione 2

NH

NH,
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The synthesis of compound 2 is exemplified in Scheme 5.

Scheme 5
o)
/
KMnO,
CHO >
Cs5-1
0
/o CO,H NH
H,N 0
CO,H
CO,H
C5-2
o O
o)
- NH
N O (PhO),PON;
—_—
EtN
0
CO,H
Cs-3
o O
o)
s NH
N O BBy
—_—
0
NH,
C5-4
0o O
HO. NH
N 0
0
NH,
2

The oxidation of 4-methoxy-2,6-dimethyl-benzaldehyde
C5-1 with an oxidant, e.g., KMnO,, forms 5-methoxy-ben-
zene-1,2,3-tricarboxylic acid C_,. See DjerassiJ. Am. Chem.
Soc. 1946, 68, 1862. The coupling of compound C5-2 with
3-aminopiperidine-2,6-dione forms 2-(2,6-dioxo-piperidin-
3-y1)-6-methoxy-1,3-dioxo-2,3-dihydro-1H-isoindole-4-
carboxylic acid C5-3. The reaction of compound C5-3 with
diphenylphosphoryl azide leads to the formation of 4-amino-
2-(2,6-dioxo-piperidin-3-yl)-6-methoxy-isoindole-1,3-di-
one C5-4. The deprotection of the hydroxyl protecting group
(Me) of compound C5-4 with a deprotecting agent, e.g.,
BBr;, leads to the formation of 4-amino-2-(2,6-dioxopiperi-
din-3-yl)-6-hydroxyisoindoline-1,3-dione 2.

The embodiments described herein are intended to be
merely exemplary, and those skilled in the art will recognize,
or will be able to ascertain using no more than routine experi-
mentation, numerous equivalents of specific compounds,
materials, and procedures. All such equivalents are consid-
ered to be within the scope of the disclosure.

All of the patents, patent applications and publications
referred to herein are each incorporated herein by reference in
its entirety. Citation or identification of any reference in this
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application is not an admission that such a reference is avail-
able as prior art to this application. The full scope of the
disclosure is better understood with reference to the appended
claims.

What is claimed:
1. A process for preparing a compound of Formula I:

08)
o O
~ NH
R! —: N 0
/
e}
NH,

or an enantiomer or a mixture of enantiomers thereof; or a
pharmaceutically acceptable salt thereof;
comprising the step of reacting a compound of Formula Ia:

(a)

cooH
AN
R! —:
2 coon
NI,

with 3-aminopiperidine-2,6-dione, or an enantiomer or a
mixture of enantiomers thereof; or a salt thereof, in the
presence of triethylamine; to form the compound of
Formula I;

wherein R* is hydroxyl.

2. The process of claim 1, wherein the compound of For-
mula I is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-
isoindole-1,3-dione, 4-amino-2-(2,6-dioxo-piperidin-3-yl)-
6-hydroxy-isoindole-1,3-dione, or 4-amino-2-(2,6-dioxo-
piperidin-3-yl)-7-hydroxy-isoindole-1,3-dione;  or  an
enantiomer or a mixture of enantiomers thereof or a pharma-
ceutically acceptable salt thereof.

3. The process of claim 1, wherein the compound of For-
mula I is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-5-hydroxy-
isoindole-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt
thereof.

4. The process of claim 1, wherein the compound of For-
mula I is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-6-hydroxy-
isoindole-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt
thereof.

5. The process of claim 1, wherein the compound of For-
mula I is 4-amino-2-(2,6-dioxo-piperidin-3-yl)-7-hydroxy-
isoindole-1,3-dione, or an enantiomer or a mixture of enan-
tiomers thereof; or a pharmaceutically acceptable salt
thereof.

6. The process of claim 1, wherein the compound of For-
mula la is 3-amino-4-hydroxy-phthalic acid, 3-amino-5-hy-
droxy-phthalic acid, or 3-amino-6-hydroxy-phthalic acid.

7. The process of claim 1, wherein the reaction is per-
formed in the presence of a coupling reagent.

8. The process of claim 1, wherein the reaction is per-
formed in the presence of an acid.

9. The process of claim 8, wherein the acid is acetic acid.
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10. The process of claim 1, wherein the reaction is per-
formed at an elevated temperature ranging from about 30 to
about 200° C.

11. The process of claim 3, further comprising the steps of:

(1) protecting 4-hydroxyphthalic acid with a carboxyl pro-
tecting group to form a carboxyl protected 4-hydroxyph-
thalic acid;

(ii) reacting the carboxyl protected 4-hydroxyphthalic acid
with a nitration reagent to form a carboxyl protected
4-hydroxy-3-nitrophthalic acid;

(iii) reducing the carboxyl protected 4-hydroxy-3-nitro-
phthalic acid to form a carboxyl protected 3-amino-4-
hydroxyphthalic acid; and

(iv) deprotecting the carboxyl protected 3-amino-4-hy-
droxyphthalic acid to form 3-amino-4-hydroxyphthalic
acid.
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